— 


For America’s 
largest all-nuclear 
power plant 


Commonwealth Edison's 
Dresden Nuclear Power Sta- 
tion near Chicago, scheduled 
for completion by mid-1960. 
This $45,000,000 project will 
be the country’s largest all- 
nuclear power plant. 


44 MILES OF ZIRCONIUM TUBING 
being processed by Mal/ory-Sharon 


Here you see a striking example of zirconium’s place in nuclear power 
...and of Mallory-Sharon’s leadership in zirconium production 
and technology. 


The largest order ever placed for zirconium tubing—almost 44 miles 
of it—is now being processed by Mallory-Sharon, in conjunction with 
Bridgeport Brass Co., for the Dresden Nuclear Reactor. Made of 
reactor-grade Zircaloy-2, %«”" diameter and '42” wall thickness, the tub- 
ing must meet rigid tolerances... pass special pressure, sonic and 
corrosion tests. Fabrication of fuel elements is by the Atomic Power 
Equipment Dept. of General Electric, at San Jose, California, designers 
and builders of the Dresden Station for Commonwealth Edison. 


As the largest integrated producer of zirconium, titanium and special 
metals, we invite you to write for information on either reactor-grade 
or commercial grade zirconium. Our Service Engineering group is ready 
to work with you now on either nuclear or commercial applications. 

Write for new booklet, “Technical and Application Data on 
are inserted in Zircaloy tubing. Tubes are Zirconium and Hafnium F 


sealed and welded, then assembled into “bun- ; 


dles” to form the rod-type element (inset). 
MALLORY-SHARON METALS CORPORATION + NILES, OHIO 


Integrated producer of Titanium ¢ Zirconium ¢ Special Metals 
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Heat Treating of Roller Bearings Is Geared to Automatic Production, by 
Leo H. Everitt and O. E. Cullen 


Timken has unveiled its Bucyrus, Ohio, plant which has an annual capacity of 27,000,000 
roller bearings. Production is completely automatic from machining through heat treat- 
ing to packaging. Much S the success is credited to the push-button heat treat opera- 
tion of five lines, “°° 2 furnaces for carburizing, hardening and tempering the 
bearing components. (]26, 128, J29, T7d, 18-74, 1-52) * 


PH Stainless for Hot Airframes, by R. W. White 


Thermal problems of airframes which arise from aerodynamic and engine heating are 
becoming more severe. Use of PH stainless in aircraft and missile stractere s is increas- 
ing. Ease of fabrication is a big point in their favor. (T24a, 17-57, J27; SS, 4-53) 


Materials for Rocket Engines, by R. C. Kopituk a 
Rocket engine components are subjected to high stresses at high temperatures. Since 
the fuels are often corrosive, the materials, both metallic and ceramic, must have great 
endurance. Selection and fabrication of materials for both regenerative and non- 


regenerative rocket engines are discussed. (T24b, T2p, 17-57; SGA-h) 
The All-Basic Openhearth, Staff Report 


With hearth and walls already constructed of basic material, the only area left to com- 
plete the all-basic openhearth is the roof. Work conducted by American and British 
steelmakers over the last few years indicates that higher production and longer roof life 
can be expected when problems imposed by the use of basic brick are solved. (W18r, 


D2, 1-65; RM-h, ST-e) 

Can an Improved Nonaging Steel Be Produced Commercially? by Eric R. Morgan 
The successful development of an improved nonaging steel to replace aluminum-killed 
steel awaits the careful coordination of chemical composition, precise annealing and a 
special temper rolling technique. (N7, F23r, J23; CN-g) 

Multilayer Nickel Coatings, Staff Report 
Duplex and multiplex systems for nickel plating hold promise of giving bright plated 
work with better corrosion resistance. (L17; Ni) 


New Method Speeds Annealing 


Coils of carbon steel from cold mill are rewound to provide space between laminations. 
This speeds up ——- and cooling, pe es temperature uniformity. A recuperative 
method salvages heat from cooling coils for preheating cold coils. (23; 1-55; ST, 4-53) 
Successful Southwestern Metal Congress 
Editors of Metal Progress report briefly on first exposition and on the technical sessions 


concerning metals for fast flight and their unique fabrication methods and about 
corrosion protection in the petroleum industry and nondestructive testing. 


Processing With Continuous Heating . . . an Economic Appraisal, by Frederic O. Hess... . 
The continuous furnace should be thought of as a processing tool. Many factors in its 
design and operation require a realistic appraisal. For example, rating a furnace on fuel 
efficiency and fuel costs can be deceptive. Most continuous furnaces are not single- 
purpose ‘devices and this must be considered in their evaluation. (W20b, W27, 1-61) 


Table of Contents Continued on Page 3 
Volume Index on Page 224 


*The coding symbols refer to the ASM-SLA Metallurgical Literature Classification, 
International (Second) Edition, 1958 
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“We more than doubled the 


expected life of our furnace rolls” 


Says Mr. B. B. Burd, Chief Metallurgist 


Damascus solution-anneals stainless steel 
welded tubing. 


‘“‘When we installed Thermalloy* cast furnace 
rolls, we estimated the service life on the basis 
of operating temperature of 1950° to 2150° F. 
After more than double the expected life, 
our Thermalloy rolls show no sign of wear 
and are still operating at peak efficiency! 
“I feel the chief reason for this successful service 
is the careful selection of alloys and the design of 
the furnace rolls. 
‘“‘We also employ a maintenance program to 
further extend the life of the rolls. At the advice 


Damascus Tube Co., Greenville, Pa. 


of Electro-Alloys, we never completely shut down 
the furnace. On week ends we maintain the tem- 
perature at 1400° F. and keep the rolls turning at 
idling speed. This reduces the temperature gra- 
dient and offsets distortion possible when the 
rolls are not turning.” 

Whatever your heat-treat problems, Electro- 
Alloys has the experience necessary to help you 
solve them. Call your representative — or write 
Electro-Alloys Division, 9036 Taylor Street, 
Elyria, Ohio. *Reg. U.S. Pat. Off. 


ELECTRO-ALLOYS DIVISION Elyria, Ohio 


METAL PROGRESS 


i 

i — 

“ 

4 
. 

| Brake Shoe |) 
2 


Metal Progress 


Contents Continued 


Cast Alloy Fixture Has Long Life in Thermal Shock Service, by E. A. Schoefer............ 106 


The problem: 


Find a heat treating fixture to ces 1500 Ib. of steering gear parts 


during repeated carburizing and oil quenching. The Solution: A unique fixture design, 


utilizing A.C.I. Type HT heat resistant castings. 


Pulse of the Nation’s Welding, Staff Report...... 
The metal joining field bristles with problems. 


(W27p, 17-57, J28g; SGA-h, Ni, Fe) 
110 


Workers are seeking a better under- 


standing of porosity, brittle fracture, residual stress, and the mechanism of brazing. 


(K-general ) 
Critical Points 
Spark Plugs and Die Castings... . 


Data Sheet 


Standard Stainless Steels, Wrought and Cast....... __96-B 
Atomic Age 
Some data as to whether and how an international agreement to ban nuclear tests could 
be adequately monitored. 
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Cast Iron — How and Where to Use It, Reviewed by Hans J. Heine................. 113 
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Uncommon Metals Ready to Solve 
136 

Chromium, columbium, hafnium, rhenium, tan- 
talum, vanadium and zirconium are now used 
more and more for engineering applications. 

Weld Failures Overcome By Roll Planishing . 145 
Rolling the weld relieves a strains and 
smooths the surface. Better tensile and fatigue 
strengths result. 

Formation Mechanism of Graphite Nuclei. . 152 


Weather Influences Amount of Hydrogen 


Moisture content of the furnace air is a major 
factor. 

Forecast of Nuclear Power Development... . 158 
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178 
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Salt corrodes titanium, but surface protection is 
attained by glass-bead blasting and anodizing 
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Metallurgical company — Called in to help settle 
a debate between plant engineers and 

safety department about where to put a 

large NH, tank, Herb Kerr's experience helped 
influence final decision. Later Kerr put in a 
16-hour day helping to unload first tank car and 
get equipment running properly. 


Big chemical pany—Problem: to recover 
NH, used as a solvent. Although customer 
preferred not to reveal full details of process, 
Kerr and George Cleek, Allied specialists, 
were able to devise for them an economical 
method for purification and recovery. 


New manufacturer—Wanted to 

; make household ammonia. 
Needed heip to get started. Kerr 
conferred with Gar Ellis on 
laboratory test before suggesting 
equipment cnd recommending 

a supplier of an additive which 
was known to give the right 
degree of cloudiness. 


Paper mill—was considering 
ammonium bisulfite pulping. 
Allied worked out complete plans 
for NH; equipment required. 
-. Herb Kerr checked with 
“Westy” Westlake of 
engineering research before 
proceeding on trip to be on 
hand at startup—and for another 
three days—to make 
sure operations would 
continue smoothly. 


TECHNICAL SERVICE ON AMMONIA—ALLIED STYLE 


Sure, you want your ammonia pure, but let’s face of conditions. These technical service men and their 
it, ammonia specs are pretty much the same the sales colleagues in the field are backed up by an 
industry over. Why, then, should you choose Allied unusually large technical service laboratory that 
over another supplier? Because you get—at no extra knows ammonia from every standpoint. 
cost, and whenever you need it—the expert on-the- 
spot help of Allied technical service specialists. 
They know ammonia from your standpoint .. . 
how to store it, control it, use it . . . under all kinds 


Chemical specialty company—Smal!l, new at 
using NH,. Bought some war surplus tanks, 
ran into problems, called Allied. “Zeke” 
Sziklas responded. Checked equipment they 
had, recommended additions, lined up 
contractor to install. 


This is total experience —and it’s all at your disposal. 
That’s why it pays to rely on Allied for your ammonia 
requirements. 


Allied Ammonia is available in 
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Ae / wag saying... 


I: YOU REALLY want to find out what's cooking, the thing to do is get 
away from home base and then get the news from your Girl Friday — 
so here’s a doubleplay from Evelyn to Bill to You. 

Dear Boss: It’s been raining so the earth-moving contractors had to 
stop digging at the farm. They have been pulling top soil from the site 
and have a mountain of it piled sky-high. Everybody stops and wants 
to buy some. I suggest we package it in cellophane bags and sell it by 
the pound. 

Architect Kelly reports the sewage system has been completed and 
accepted by the state inspector. The grading is now completed (I'm 
sending a picture) and Supt. MacKay expects to pour concrete for the 
footings this week. 

Ah, yes, the contract for the geodesic dome (250 ft. in diameter, 103 ft. 
high — as though you didn’t know) has been awarded to North American 
Aviation of Columbus, Ohio. I expect some morning to learn the com- 
pany has attached a couple of G. E. jets to the dome and flew-de-coop 
away. 

Dr. Lyman and Howard Boyer gave you a progress report on the new 
Metals Handbook. The new Volume I, “Properties and Selection of 
Metals”, does not replace the "48 edition. It replaces in expanded form 
about 375 pages of the '48 edition. There were 192 contributors to that 
section of the old Handbook. There are more than 1200 men, working 
through 78 committees, contributing to the 1000 pages of material that 
will replace the 375 pages covered in the '48 volume. 

The other volumes to be produced, one a year, are Vol. I, “Processing 
and Fabrication of Metals”; Vol. III, “Testing, Inspection and Metal- 
lography of Metals”; Vol. IV, “Phase Diagrams”. 

Now I understand why you do not expect to have the present volume 
returned as in the past. 

Mr. Wells reports that the Southwestern Metal Show has closed the 
books and the space sale was very satisfactory; that the Cleveland Show 
(October 58) is maintaining a highly pleasing space-sale rate; that the 
requests for space at the Los Angeles Western Metal Show (March ‘59) 
are rolling in at a top rate. (Continued on p. 6) 


Brinell Hardness 


will any of these 
tests help you? 


Steel City versatile Brinell Hardness Tester checks 
hardness of automotive crankshafts. One fixture 
edjustable for four different sizes of shaft. Fixture 
easily removable to provide standard tester with 
opening . . 
multitude of testing. 


large table anvil for 


4 


Stee! City Guided Bend Testing Machine mokes 
qualification tests on butt-welded specimens in 
eccordonce with AWS and ASME standards 
Exclusive design provides automotic ejection of 
tested port. Unskilled operator makes perfect test. 


eee or 
different 


entirely? 


Steel City Tensile Tester (hydraulic, hand operated) 
determines strength of graphite samples. Self- 
contained unit simplifies tensile testing operation, 
releases more expensive equipment for other work 
Adaptable for powdered metal, other specimens. 


Whatever your testing problem 


Steel City may olready have a practical 


solution. 


Transverse Hydrostatic 


Write today for FREE 
literature. 
Proving 


A 
Excavating Area for Lower Level of Headquarters Building. ops 
Retaining wall for approach drive in left background. Flex Tester 


instruments 


View looking from back of property toward main road 8811 Lyndon Avenve, Detroit 38, Michigan 


JUNE 1958 


if 
4 7 is 
your 
problem 
like 
this? 
| more 
J like 
| Pil this? 
| 
; 
5 
a 


Ae | wae saying... 


Mr. DuMond has the Southwestern program all 
cleared away and most of the contributions are already 
in. Preparations are being made to have all the panel 
material published and available for sale at a low price. 
Using the multilith reproduction method not only saves 
time but keeps the cost down. 

The Metals Park Investment Club (all ASMers) had 
its first meeting in the office dining room at 5:30 last 
Friday but made no decision as to the growth stock 
to buy. (Ted DuMond is president, Pete Ford is vice- 
president, Marjorie Hyslop is secretary and Jim Hontas 
is treasurer-agent.) It’s going to be lots of fun and I 
hope no one gets hurt. They are going to appoint a 
sergeant-at-arms. What does he do? 

The place is almost deserted. Everybody is at Dallas 
for the big Show. 

Marjorie Hyslop gave a talk at Ohio State Engineers 
Day, telling about A.S.M. research on documentation 
and literature searching. Big applause (led by A.S.M.- 
O.S.U. Tone Brasunas, no whistling permitted). 

The A.S.M. Advisory Committee on Metallurgical 
Education met here this week. They saw the movie, 
“How Metals Behave”, and gave it an enthusiastic okay. 


Mr. Bayless reports that the nine prints of that film 
are in use all the time. Five A.S.M. chapters have 
purchased copies of the film for local distribution. 

M.E.I. had over 700 students at the last report. Two 
colleges want to use the lessons in their metallurgy 
courses. Switzerland, Germany, Spain and Brazil want 
to translate to native tongue. 

Don’t worry too much. It certainly is a responsibility 
to have two million dollars to spend ‘for a building and 
for site preparation. Perhaps you should view the T.V. 
series, “The Millionaire”. The people who get the 
million usally enjoy spending it and don’t worry about 
time lost when it rains. They have no ulcers, so don't 
you open an ulcer department. 

See you soon. Sincerely, Evevyn. 

So there it is, good news, good advice. 
should view that T.V. feature. But the case is different. 
It’s not my million, it’s yours. I am just the P.A. for 
you, and I heard all P.A.’s have ulcers. 

Cordially, 


W. H. Etsenman, Secretary 
AMERICAN SOCIETY FOR METALS 
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SUPERIOR SYSTEM 
of portable 
HARDNESS 
TESTING 


The 
Extraordinary & 
Versatile 


“OPPEL” 


HARDNESS 
TESTER 


Acclaimed 
id 


and used 
over the world 


ONE instrument covers all the most widely used 
} hardness scales 


: Laboratory accuracy plus easy handling. Simple 
\) 


operation .. . low cost. 


Rockwell 25-70 


The “OPPEL” Hardness 
test gives you direct, Brinell 50-500 
always accurate  read- 
ings, using one instru- T.S., of Steel 25,000- 
. ment in these ranges: 250,000 psi 
a }} No matter what branch of the metal industry you are in, 
OPPEL" will do the job quicker, more 


For thin sheet material the New Portable Hard- 
4 ness Tester with flat anvil end R-30-T scale. 


For complete write 


COMPANY FOR TECHNICAL PROGRESS 
})) P.O. Box 41 Cincinnati 29 


THIS NATIONAL FONTAR® BORESCOPE 


BRINGS YOUR EYE TO “THE INACCESSIBLE” 


Permits bright, close-up inspection within any bore, 
threaded hole, recess or interior surface. If there is 
a point of entry .10” diam. or larger, a National 
Fontar Borescope facilitates critical examination for 
defects in interiors of aircraft engines, for example, as 
well as tubing, castings, machined or welded parts. 
Brightly illuminated vision through this instrument can 
be provided straight-forward, forward obliquely, at 
right angle or retrospectively. 

The area you might want to inspect may only seem 
inaccessible. A National Borescope can bring it into 
bright, sharp vision for you. Use it to minimize rejects, 
save disassembly costs, for better quality control and 


lower costs. * * * * 


SEND ili TERRITORY OPEN 
FOR NEW me ». FACTORY AGENTS WANTED 
ILLUSTRATED 
CATALOG A. 


NATIONAL ELECTRIC INSTRUMENT DIVISION 
92-21 Corona Avenve . Elmhurst, N. Y. 


SUPPLIERS TO THE AEC ANG MAJOR INDUSTRIALS 
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NEW ELECTROPOLISHER 


FOR METALLOGRAPHIC SAMPLES 


No. 1723 AB EXTRA TANK No. 1720 AB ELECTROPOLISHER 


AVAILABLE 


SIMPLICITY IN OPERATION 


INTERCHANGEABLE ELECTROLYTE TANK } ACC ESSORIES 


IMPACT and CORROSION RESISTANCE | 
EASY TO FILL and EMPTY Extra Tanks 
CONVENIENT ELECTROLYTE STORAGE Cooling Coils 
COMPLETE ELECTRICAL INSULATION 
INCREASED SAMPLE AREA a Extensions: 
GREATER ELECTROLYTE CAPACITY % ANODE-CATHODE 
VERSATILE POWER SOURCE oa ene 
D. C. RIPPLE CONTROL 

e FIELD TESTED and APPROVED 


Cathodes 
REASONABLY PRICED for Etching 


Cathode Holders 


Buehler Ltd. METALLURGICAL APPARATUS 


2120 GREENWOOD ST., EVANSTON, ILLINOIS, U.S.A. 
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Two of six Ipsen Heat Treating Units used in Perfection’s two Chicagoland plants 


; “_..With Ipsen heat treating units, 


production per man-hour.’’ 


Perfection Tool and Metal Heat Treating Co. 


Don Petersen is presi- 
dent of Perfection Tool 
and Metal Heat Treat- 
ing Company, one of 
Chicago's largest and 
best known custom heat 
treating organizations. To learn firsthand 
how and why Perfection uses semi-auto- 
mated, controlled atmosphere, heat 
treating equipment, we had an interest- 
ing chat with Mr. Petersen. Here are his 
answers to our questions: 


@. Since 1951 you have purchased a num- 
ber of Ipsen ‘'straight-through'’ heat 
treating units. Why have you favored 
this equipment? 


A. We were well pleased with the first Ipsen 
furnace we bought, and our customers 
were well satisfied with the quality of 
the work that came out of it. Since the 
end of World War Il, there has been a 

¥ much greater demand for atmosphere 

; work, and, as this demand increased, we 

a have purchased additional furnaces. We 

have four Ipsen units in our Hubbard 

Street plant . . . and two in our branch 

plant in Lombard, Illinois. All six units 


AUTOMATIC 


have two work chambers which make 
them ideal for preheating. 


@. What kind of work do you handle in 
your Ipsen equipment? 


A.|n the course of the average day we 
handle many, many different types of 
work .. . gears, screw machine parts, 
stampings, etc. We use your furnaces for 
carburizing, carbonitriding, neutral at- 
mosphere hardening, and carbon restor- 
ation. The versatility of Ipsen furnaces is 
quite a selling point as far as we are 
concerned. 


Q@. Have you been able to increase produc- 
tion with this equipment? 


A. Yes. With Ipsen equipment we have sub- 
stantially increased production per man- 
hour. One reason for this is that quench- 
ing is automatic . . . and our operators 
do not have to handle parts in and out of 
the quench by hand. 


Apparently you like the automatic quench 
feature. Why? 


A. Definitely. The automatic timing makes 
it easy to duplicate previous quenching 


we get bright work, and increase 


results. We eliminate the element of 
human error in quenching. 


@. What about maintenance of your Ipsen 
equipment? 

A. You have an excellent record on this 
count. We find that your equipment re- 
quires very little maintenance. 


@. What do your men think of Ipsen equip- 
ment? 


a. Our men like your equipment because 
it's cleaner, cooler, and easier to oper- 
ate. It takes less effort per pound of 
work treated. 


@. Has Ipsen equipment permitted you 
economy of floor space? 


A. Yes. We find your equipment to be quite 
compact for the amount of work han- 
died. In our Hubbard Street plant four 
Ipsen units are placed so the discharge 
ends converge on the same washing and 
degreasing unit. The entire installation 
accupies only 600 sq ft of floor space. 


A brochure describing the type of Ipsen 
equipment used in the Perfection plants 
is available. Ask for your copy. 


HEAT TREATING UNITS 


IPSEN INDUSTRIES, INC. - 723 S. MAIN STREET + ROCKFORD, ILLINOIS 
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r infrared.. 


Sylvania develops cast germanium and silicon discs 
for more efficient infrared detection systems 


ERMANIUM AND SILICON LENSES, ground con discs, too, are available for infrared use. 

from optical blanks cast by Sylvania, Silicon, which weighs less than germanium, 
are finding wider application in the infrared is finding growing acceptance in airborne 
detection systems in today’s missiles and systems. Other factors, such as the mainte- 
aircraft. These semiconductor materials are nance of infrared transmission characteristics 


Through constant research and close co- 

Sylvania’s Chemical & Metallurgical Di- operation with industry, Sylvania is con- 
vision now offers cast discs of polycrystalline tinually improving its products to meet the 
germanium in sizes as large as 814 inches in _ needs of all areas of electronics. This is a 
diameter and 6 inches thick. Even larger basic reason why Sylvania has become a 
sizes are being developed to meet the needs leading source for both silicon and germanium 
of detection system manufacturers. Cast sili- for all applications. 


4 transparent to wave lengths above 7 mi- at higher temperatures are of particular 
ce crons where other materials, such as quartz, interest. 
are opaque. 


TUNGSTEN * MOLYBDENUM «+ CHEMICALS « PHOSPHORS « SEMICONDUCTORS 


Sytvanta Evecrric Propucts Inc. 
SYLVANIA 
Towanda, Penna. 


LIGHTING TELEVISION ° RADIO e ELECTRONICS ° PHOTOGRAPHY ° CHEMISTRY-METALLURGY 
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CALL BUTL 


for experienced advice on extrusion presses 


For 110 years, Watson-Stillman has 
been designing and building hydrau- 
lic equipment. During this time, 
company engineers have helped lead- 
ing manufacturers in many industries 
to find the best press for a specific 
job —in boosting extrusion speed and 
efficiency. These men are ready to go 
to work on your problem, too—with 
a complete service, from consultation 
to installation. 

W-S extrusion presses come in 
standard designs up to 5000 tons 
(special sizes to order) for extruding 
any of the materials listed at the 


right. And, with headquarters now 
located at the manufacturing source 
—Farrel’s Rochester plant —Watson- 
Stillman can offer improved service 
on this complete line. 

Call Watson-Stillman for experi- 
enced advice in planning your extru- 
sion layout. 


WATSON-STILLMAN PRESS DIVISION 
FARREL-BIRMINGHAM COMPANY, INC. 
565 Blossom Road, Rochester 10, New York 
Telephone: BUtler 8-4600 
Plants: Ansonia and Derby, Conn., Buffalo 
and Rochester, N. Y. 


TYPES OF W-S 
EXTRUSION PRESSES 


aluminum 

brass 

bronze 

carbon 

ceramics 

copper 

cordite 

crayon 

graphite lead 

lead pipe 

magnesium 

phosphor bronze 

silver alloys and 
precious metals 

solder 

welding rod 

wire 


Typical aluminum extrusion 
plant engineered by 
Watson-Stillman 
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‘New Heat Treating Furnace Holds Vacuum 
or Atmospheres in its Inconel Retort 


This new furnace heat treats parts 
up to 40 inches in diameter and 36 
inches high ... using either vacuum 
or controlled atmospheres and tem- 
peratures as high as 2250°F. 

Pacific Scientific Company built it 
for Metallurgical Consultants, Inc. 
of Maywood, California. 


Design of unit posed 
several metal problems 


High temperature strength to with- 
stand high vacuum. Resistance to 
oxidation. Resistance to nitriding. 
Ability to withstand the thermal 
shock of cooling rates as high as 
50°F per second. Good formability, 


weldability, and machinability. 


Those were some of the consid- 
erations that led Pacific and MCI to 
use versatile Inconel* nickel-chro- 
mium alloy for all major parts of 
the furnace ... the retort itself, base 
sheathing, and work supports. 


Inconel alloy is also used 
for the circulating fan that keeps 
temperatures uniform 


Inconel alloy provides the high tem- 
perature strength, ductility and oxi- 
dation resistance called for. It also 
lends itself well to all forms of fabri- 
cation needed in designs for high- 


temperature furnace metal parts 
and fixtures. 


Maybe you would like to see some 
of the many ways Inconel alloy im- 
proves service life of high tempera- 
ture equipment ... or some of the 
new types of equipment that have 
been developed with it. An Inco pic- 
ture-booklet, “Keeping Costs Down 
as Temperatures Go Up” will do 
just this for you. And we'll gladly 
send you a copy. 


*Registered trademark 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street INCO, New York 5, N.Y. 


INCO NICKEL ALLOYS 
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M-S-A’* LIRA Analyzers help control dew point 
of furnace atmospheres 


You can prevent damaging oxidation and change in carbon content of metal 
surfaces by measuring water vapor content with M-S-A infra-red analyzers 


Typical installation shows M-S-A LIRA Analyzer calibrated for 
suitable dew point ranges to determine carbon potential of the 
furnace atmosphere. 


Heating metals like steel, copper, brass, etc., generally 
makes them chemically active with the atmosphere in 
the furnace. 

Such atmospheric furnace action may damage the 
surface of the metal. It may cause scaling by oxidation. 
Or change in surface carbon by carburization or decar- 
burization. 

To combat this quality control hazard, many metal- 
lurgists are holding the carbon range to much closer 
tolerances with dew point control by infra-red analysis. 
And they’re using M-S-A LIRA Analyzers to do the 
job. Safely. Reliably. Accurately. 

Since water vapor is such an ideal absorber of infra- 
red radiation, M-S-A LIRA Analyzers are extremely 
well-adapted for controlling the dew point of a furnace 
atmosphere. 

There are a number of M-S-A LIRAs installed in 
annealing operations of strip steel and special carbon 
steels, and also in pure hydrogen atmospheres where 
° hydrogen brazing is taking place. 

Principle of operation for the M-S-A LIRA is simple. 
The gas sample passes through a sample cell through 
which an infra-red beam is directed. This direct beam 
measurement eliminates the problems usually encoun- 
tered in such analysis: getting water vapor to react with 
some salt, or cooling it to cause a frost on a mirror, etc. 

An MSA Instrument Specialist will be pleased to 
discuss your specific problems with you. Write for in- 
formation regarding your particular problems of at- 
mospheric analysis and control. 


The entire assembly of the M-S-A LIRA Analyzer is mounted on a self-supporting 
panel. All adjustments are easily made from the front of the panel. 


INSTRUMENT DIVISION 


. Mine Safety Appliances Company 
Pittsburgh 8, Pennsylvania 
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Million-vott 
X-ray inspection 


... NOW up to 
faster 


G-E Resotron® 1000 with 

new emission control 

delivers more usable radiation, 
greater penetration for 


average ... up to 50% for thick sections. 
non-destructive inspection This with all the radiographic detail and 
contrast . . . with the ease of preparation 


HE CHART above tells the story. Of a 
new milestone in super-voltage radiog- 
raphy. Of remarkable new speed that makes 
100% inspection more economical than 
ever for mass-production quality control. 
It's all in a new emission control circuit 
that permits operation at higher peak cur- 
rent. Exposure time is reduced 35% on the 


that sets the Resotron 1000 apart. 
Ever heard the full story of what x-ray 
has accomplished in non-destructive testing? 
We'll be happy to cite cases —add more 
information on General Electric's complete 
line of x-ray apparatus. Included are units 
from 140 thousand to two million volts . . . ri 
for manual, semi-automatic or automatic 
operation . . . fixed or mobile. Ask your 
G-E x-ray representative for the new folder, 


“X-Ray in Industry.” Or write X-Ray De- 
Progress Is Our Most /mportant Product partment, General Electric Company, Mil- 


C36) waukee 1, Wisconsin, for Pub. AS-64. 
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AMBALLO 


¥ 


TIMETABLED DELIVERY...SERVICED BY SPECIALISTS 


Quality carbon, alloy and stainless steeis with the best 
service in the industry are our guarantee to each customer. 
We start with a quality product—AMBALLOY steels 
then follow up with a firm delivery date that gets your 
order where you want it, when you want it, fast. 

But the Byers service policy extends beyond delivery. 
High grade production facilities are an important part of 


A growth company with the emphasis on quality and service A. MM. BYERS COMPANY 


our program. We also offer a personalized technical service 
through our highly trained corps of metallurgists. 

Ninety-three years of producing ferrous metals have 
familiarized us with many of your problems. So check 
Byers first for your steel requirements. Write for new 
catalog. A. M. Byers Company, Clark Building, Pittsburgh 
22, Pennsylvania. 
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WILSON “ROCKWELL” 


Equipment for 
EVERY Hardness Testing Requirement 


Superficial testers. 


Semi-Automatic (manual feed) and Fully Automatic—for auto- 
matically classifying tested pieces as CORRECT, TOO HARD, or 
TOO sorr—at test rates up to 1000 pieces per hour. 

Special Machines—for testing large objects, obtaining internal 
readings, and other unusual applications. 


ALL WILSON “ROCKWELL” hardness testers provide 


these advantages: 


Accurate performance—precision built, with exact calibration, for 


consistently correct results. 


Long life—durable as a machine tool. 

Easy operation—even an unskilled operator can get perfect 
readings. All controls conveniently grou 

Easy maintenance—interchangeable mechanisms, with spindles 


mounted on oil-less bearings. 


WILSON “ROCKWELL” HARDNESS TESTERS 
.-- ACCURATE AS A PRECISION BALANCE 


No matter what your hardness testing requirements are, there’s 
a WILSON “ROCKWELL” instrument to do the job. Choose from 
this complete selection of hardness testers: 

“ROCKWELL” —for most hardness testing functions. 
Superficial—for extremely shallow indentations. 
Twintester—combines functions of ““ROCKWELL”’ and “‘“ROCKWELL”’ 


DIAMOND “BRALE” PENETRATORS... perfect testing every time 


A perfect diamond penetrator is essential 
to accurate hardness testing. Since one 
point of hardness on the “ROCKWELL” 
scale represents only 80 millionths of an 
inch penetration—only 40 millionths ona 


Only perfect Wilson Diamond Brale 
Penetrators are sold. Each diamond is 
flawless, with no chips or cracks. It’s cut 
to an exact shape. Microscopic inspection 
of every diamond —one at a time—assures 


Superficial tester—the slightest imper- this perfection—and assures you of accu- 


fection will cause a false reading. rate hardness testing every time. 


The TUKON Tester measures extremely 
shallow indentations. It’s used, for in- 
stance, by manufacturers of watches, 
hairsprings, needles, and fine wire. Labor- 
atories use the TUKON for tests on indi- 
vidual crystals or particles of microscopic 
size. Producers of coatings, film, ceramics, 
and many other materials have made good 
use of the TUKON. 


TUKON TESTER ...for precision MICRO « MACRO testing 


Three models are available to meet your 
individual requirements. TUKON Testers 
use both the Knoop and 136° Diamond 
Pyramid Indenter. Each TUKON Tester is 
a self-contained hardness testing instru- 
ment— no accessory equipment is needed. 
Knife edges and levers of fixed length are 
used throughout for application of exact 
load and freedom from internal friction. 


A COMPLETE LIBRARY of helpful information 


A wide variety of bulletins describes the many instruments, acces- 
sories, and services Wilson offers. Write for your choice: 

DH-325— WILSON “ROCKWELL” Hardness Testers « DH-326—‘‘ROCKWELL” 
Superficial Hardness Testers « TT-58—‘‘RoCKWELL”’ Twintester « DH-327— 
Special “‘“rockwe.L”’ Testers, including Automatic and Semi-Automatic 
models DH-7—-Tukon Applications DH-328—TUKON Testers. 


MECHANICAL INSTRUMENT DIVISION 


AMERICAN CHAIN & CABLE 


230-F Park Avenue, New York 17, N.Y. 
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Going up: 


South cantilever section and part of suspended span erected; work begun on north tower seen in background. Total length 
new bridge is 3350 feet, four lanes wide. Designer: California Division of Highways. Fabricators and Erectors 


Bridge Division, United States Stee! 


NIN 


AXAXAXA 


of 
American 


The bridge in which (ss) "“T-1” Steel saved *800,000 


The Carquinez Strait Bridge is the 
first major bridge use of USS “‘T-1” 
Constructional Alloy Steel, the first 
large bridge in which all truss mem- 
bers were fabricated by welding, and 
unique in that the specification of 
an alloy steel saved $800,000 in con- 
struction costs alone. 

Like its 3l-year-old counterpart, 
it will connect the San Francisco 
Bay area with the Sacramento Val- 
ley. In profile, the two bridges look 
like twins, but are vastly different 
in construction. First, to build the 
wider, heavier bridge without ex- 
ceptionally massive members, a 
weldable, tremendously strong steel 
was needed. USS “T-1” Steel’s 
yield strength (90,000 psi mini- 
mum), combined with its weldabil- 


ity, filled the bill—cutting weight of 
some members by nearly one-half 
their equivalent A242 design, and 
saving $800,000. 

Second, welded construction in 
the new bridge will greatly minimize 
maintenance expense. It costs about 
$70,000 yearly to clean and paint 
the old bridge. By getting rid of 
thousands of vulnerable rivet heads, 
edges, lacing bars and angles in the 
new bridge, members will be less 
susceptible to corrosion and far 
easier to maintain and paint. 


All in all, 2910 tons of *“T-1" Steel 
are used in the bridge’s most heavily 


United States Steel Corporation - Pittsburgh 
Columbia-Geneva Steel - San Francisco 
Tennessee Coal & iron - Fairfield, Alabama 
United States Stee! Supply — Warehouse Distr. 
United States Stee! Export Company 


stressed members. Also used: 5370 
tons of USS Tri-Ten Steel, a 
weldable high-strength low-alloy 
steel, and 6440 tons of structural 
carbon steel. Each of these steels 
all available from United States Steel 
—plays an important role in the 
bridge, helping to make possible the 
“‘most bridge for the money.” 

For more information. Write for our 
comprehensive books entitled ‘‘T-1'’ and 
“TRI-TEN.”’ You'll find in them a wealth 
of engineering and metallurgical data 
Or, contact our nearest representative— 
you'll find him listed in the telephone 
directory. United States Steel, 525 Wil 
liam Penn Place, Pittsburgh 30, Pa 


Uss T-1°' and TRI-TEN are registered trademarks 


United States Steel 
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Father and son 
total 70 years 
machining steel 


At the U. S. Steel Homestead Forge 

Shop, you find a lot of men who carry 

on in the shoes of their fathers. Gus 

Seitz’s father was a Journeyman Ma- 

chinist for 30 years before he retired. 

Gus started in the shop when he was 16, 

worked as an apprentice, Journeyman 

Machinist, Inspector. After six years in 

Production Control, he moved up to 

General Foreman, a post he has held 

for 10 years. With 40 years of machining 

experience behind him, Gus supervises 
a staff of 256. 

His most important job: see that the work is carried out to 
the customer’s specifications, on time. 


The forgings in the picture illustrate some of the scheduling 
problems that Gus has to solve. These are closure head flanges 
for a nuclear reactor—130” OD, 88” ID and 35” high. Ingots 
were cogged, upset, punched and forged over a mandrel. Then 
they received the preliminary machining. Next came a quench- 
and-temper heat treatment to meet the physical properties 
needed by the reactor builder. Then followed about 10 days of 
testing for microstructure, tensile strength and ductility. Finally, 
the forgings were scheduled back onto the 20-foot vertical boring 
mill for final machining. 

With men like Gus Seitz riding herd on your USS Quality 
Forging order, you can rest assured that money won’t buy a 
better piece of steel. U. S. Steel has the men, the know-how, the 
equipment and steel to turn out forgings for the most critical 
service, and we’re eager to help you solve your forgings problems. 
Write for our free 32-page booklet on USS Quality Forgings. 
Send your requests to United States Steel, Room 2801, 525 
William Penn Place, Pittsburgh 30, Pa. USS is a registered trademark 


United States Stee! Corporation—Pittsburgh 
Columbia-Geneva Stee!—San Francisco 
Tennessee Coal & lron—Fairfield, Alabama 
United States Stee! Export Company 


United States Steel 
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Refractory concrete linings, containing LUMNITE cement, give excellent service in car-bottom forge furnaces, Homestead Works, United States Steel Corporation, 
Munhall, Pa. Packaged castable used: Laclede-Christy “Stee! Cast,” product of Refractories Division, H. K. Porter Co., Inc. Operating temperature: 2200°F. 


e Refractory concrete furnace linings made with LUMNITE cement 
resist extreme variations in temperature and thermal shock 
due to rapid heating and cooling. 


e Construction is fast and easy .. . simply pour refractory 
concrete into forms... service strength is 
reached within 24 hours. 


For maximum convenience, use castables made with LUMNITE 
cement. These are packaged mixtures, ready for use. Just add 
water, mix and place. Made and distributed by leading 
manufacturers of refractories. 

For more information, write: Universal Atlas, 

100 Park Avenue, New York 17, N. Y. 


**LUMNITE” is the registered trademark of the calcium-aluminate 
cement manufactured by Universal Atlas Cement Company 


L-163 


MARK 


UNIVERSAL ATLAS CEMENT COMPANY — member ofthe industrial family thatserves the nation—UNITED STATES STEEL 
OFFICES: Albany Birmingham Boston Chicago ~ Dayton Kansas City Milwaukee Minneapolis - New York + Philadelphia Pittsburgh St. Louis Waco 
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STAINLESS STEEL 


produced the way you want it 
by Carlson 


Only at Carlson can you buy so many grades of stainless 
steel in the wide variety of shapes and sizes illustrated 
here. We regularly process such complete bill-of-material 
orders. Trained Carlson men, with years of experience 
and practical knowledge, are determined to give you 
the best and most efficient service possible. 


When you need stainless plate... 
Carlson gives you what you want 
when you want it! 


Write for CARLSON'S WEEKLY STOCK LIST... 
your guide to what's available in high-quality 
stainless steel. 


Ze 


Steel 
128 Marshalton Road 


Thorndale, Pennsylvania 
District Sales Offices in Principal Cities 


STAINLESS STEEL PLATE ... rolled to 
almost any size or thickness, %s'’ and heavier, 
to meet your individual needs—whether rec- 
tangles, circles or special patterns. Substantial 
tonnage in Types 302, 304, 304-L, 309, 309-S, 
310, 316, 316-L, 317, 317-L, 321, 347, 348, 405, 
410, 430 and 502-%2% Mo. is available for 
prompt delivery. In addition, two precipitation- 
hardening grades, Types 17-4 PH* and 17-7 
PH* are now in production. 


STAINLESS STEEL HEADS ... in Types 
304, 304-L, 316 and 316-L are available from 
stock in ASME and Standard specifications (10° 
to 72'’ diameter). A large assortment of dies 
is available for pressing other types of heads 
and special sizes can be spun where practical. 


STAINLESS STEEL FORGINGS and 
SPECIAL PATTERNS .... including tube 
sheets, flanges, circles, rings, sketch plates and 
other specialties can be produced to specifi- 
cation on our versatile equipment. 


Also STAINLESS STEEL BARS AND 
SHEETS (No. 1 Finish). 


“Trade mark of ARMCO STEEL CORPORATION 


PLATES * PLATE PRODUCTS © HEADS © RINGS © CIRCLES © FLANGES * FORGINGS « BARS and SHEETS (No. 1 Finish) 
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In machining and finishing operations, statistical 
quality control is employed to eliminate the 
effect of possible human error. These quality 
controls are all designed for one purpose .. . 
to give you complete “product protection.” 


Copper base alloy rod is examined by a trained 
operator with the aid of an ultrasonic reflectoscope. 
Through electronic circuitry, ultrasonic echoes are 
translated on a cathode ray tube. Any internal flaws 
are readily apparent. Both rod and tube are tested 
by this method, which is just one of many Positive 
Quality Control checks used by the Mueller Brass Co. 


Every practical electro-mechanical testing device available to industry today is used by the Mueller Brass Co. to main- 
tain Positive Quality Control during each manufacturing operation. From the first stages of alloying, spectroscopic 
analysis is used to maintain exact alloy composition so that they are precisely as specified. Ultrasonic test equipment 
is utilized in the non-destructive testing of extruded brass and bronze rod, copper tube, forgings and fabricated parts. 


ELECTRONIC and ULTRASONIC 
quality control of MUELLER 
rod, tube, fabricated parts and 


Through ultrasonics, the immerscope 
(Left) locates internal defects, and has 
exceptional versatility for examining 
intricately shaped parts, such as the 
forging being checked in this photo. 
When testing, a transducer, located at 
the bottom end of the search tube, is 
electronically actuated to produce from 
2.2 to 25 million cycles per second. Ultra- 
sonic echoes are reflected back to the 
transducer from the material, indicating 
any defects that may be present. Limits 
may be pre-established and the sounc 
findings are visually recorded on the 
cathode tube. This is another instance 
of Positive Quality Control in action. 
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TESTING helps insure positive 
BRASS CO. forgings, 
assemblies... = 


The direct reading spectrometer (Left) makes it possible 
to accurately analyze an alloy for chemical composition 
within 90 seconds while the metal is in the molten stage. 
A sample specimen is poured, cooled and sent te the lab- 
oratory, where it is placed in the spectrometer. Through 

" the diffraction gratings in the machine, the “spectrum” 
analysis of the alloy records its exact chemical com- 
position. With this equipment, alloy specifications are 
matched exactly, thus insuring a better finished product 

through Positive Quality Control. 


THIS MIDGET 4-WAY SOLENOID VALVE (Right) is one of a 
complete line designed and manufactured by the Automatic 
Switch Co. (ASCO) of Florham Park, New Jersey. Valves of this 
type are used for controlling small double acting cylinders which 
operate valves, dampers and muny types of automatically con- 
trolled equipment. One of the most important components in 
these valves is the non-porous brass body forged by the Mueller 
Brass Co. who also perform all the major machining operations — 
so that the body is ready for use upon delivery. The forged brass 
body insures freedom from porosity and reduces possibility of 
corrosion. The Mueller Brass Co. Positive Quality Control pro- 


= 
gram insures ASCO complete “product protection”. . . and | <> | 
eliminates chance of “in-service” failures. 


THIS LARGE 18” FORGED GEAR, along with two others of the same type, is 
used in a steam turbine installed in a power generation facility of the Wisconsin 
Electric Power Company, at Port Washington, Wisconsin. The gear was forged 
in open dies by the Mueller Brass Co. from tough, long-wearing 603 alloy. The 
gear operates at 25-30 RPM and is turned by the turbine, which has a capacity 
of 80,000 kilowatts. Strength and dependability are of utmost importance 
in applications like this, and in such cases Positive Quality Control insures 
peak performance. 


Write for your engineering kit no. 7. It 

tai plete laboratory and engi- 
neering data plus typical examples of 
Mueller Brass Co. products used in widely 
diversified applications. 


MUELLER BRASS co. PORT HURON 28, MICHIGAN 


JUNE 1958 


- 
| 
i} 
‘ 
— J 
ts 
238 


METAL PROGRESS 


BUILDS STRENGTH 


WITH LONGER LIFE 


ae) 
= 
© 
ed) 
> 
+ 
ae) 
© 


Today’s emphasis on fast mechanized freight car 
loading and unloading brings the superior qualities 
of N-A-X HIGH-TENSILE steel into sharp focus. 


For boxcar flooring, increased mechanization means 
bigger, heavier and faster moving lift trucks, added 
abuse from still more weight concentration. For 
gondola flooring, increased mechanization means 
still more load impact and abrasion to go with the 
deteriorating effects of constant exposure to weather. 


N-A-X HIGH-TENSILE steel solves these troublesome 
problems like none other. Used in Stran-Steel Cor- 
poration’s famous N-S-F*, nailable steel flooring, 
N-A-X HIGH-TENSILE builds in extra strength, adds 
longer life. And top resistance to impact and atmos- 
pheric corrosion, plus ready weldability, makes 
N-A-X HIGH-TENSILE exceptionally suited to the 
special needs of railroad equipment manufacturers 
and railroads alike. No wonder sixty-three of the 
nation’s leading railroads have ordered N-s-F for 
their freight cars. 


CHECK THESE IMPORTANT ADVANTAGES FOR YOUR JOB: 


N-A-X HIGH-STRENGTH steels—both N-A-xX HIGH- 
TENSILE and N-A-X FINEGRAIN—compared with car- 
bon steel, are 50°; stronger « have high fatigue life 
with great toughness « are cold formed readily into 
difficult stampings « are stable against aging « have 
greater resistance to abrasion e are readily welded 
by any process « offer greater paint adhesion « 
polish to a high luster at minimum cost. 


Although N-A-X FINEGRAIN’S resistance to normal 
atmospheric corrosion is twice that of carbon steel, 
N-A-X HIGH-TENSILE is recommended where resist- 
ance to extreme atmospheric corrosion is important. 


For whatever you make, from steel shop boxes to 
steel freight cars, with N-A-X HIGH-STRENGTH steels 
you can design longer life, and/or less weight and 
economy into your products. Let us show you how. 


Here again N-A-X HIGH-TENSILE steel proves its ready 
weldability. To manufacture Stran-Steel Corporation 
N-S-F®, nailable steel flooring, no less than eight separate 
welds between each two channels are required. 


N-A-X Alloy Sales Division, Dept. E-5 


GREAT LAKES STEEL CORPORATION 


Detroit 29, Michigan © Division of 


NATIONAL STEEL 
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Tough n-s-F*®, nailable steel flooring of N-A-X HIGH-TENSILE, 
has already won wide acceptance with leading railroads 
everywhere. So much so, in fact, that more than 50% of all 
new boxcars now being built are ordered with it. 


This typical modern fork-truck with its giant newsprint roll 
weighs a whopping 5,500 pounds! N-A-X HIGH-TENSILE takes 
even this kind of concentrated abuse easily, lasts for the life 
of the car. 


N-A-X Alloy Sales Division, Dept. E-5 
Great Lakes Steel Corporation, Detroit 29, Michigan 


(] Please send me 12-page illustrated technical catalog on 
N-A-X HIGH-STRENGTH steels. 


C) Please have your representative contact me. 


Zone State 
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complete your Riehle 
testing machine 


reference file... 
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RIEHLE 


TORSION TESTERS 


You can take the first step toward 

solving your materials problems by 

bringing your Riehle testing machines 
catalog file up to date. Check the a8 
list below, clip it to your letterhead, tg 
and we'll send the catalogs you 44 
request promptly, without obligation. 


RIEHLE 
CONSTRUCTION MATERIALS 
TESTING MACHINES 


® — 


[} Universal Hydraulic Testing Machines and (_] Horizontal Tensile Testing Machines 


Accessories 
(_] Impact Testing Machines 


a [] Universal Screw Power Testing Machines 
and Accessories 


[] Testing Machines Guide 
Construction Materials Testing Machines L) Reoneder and Accomeries 


: and Accessories [] Riehle Electro-Balanced Indicator Unit 


Torsion Testing Machines 

Creep and Stress-Rupture Testing Machines 
Losenhausen Fatigue Testing Machines 
Brinell Hardness Testers 


H esters i 
Vickers Hardness Tos Riehle TESTING MACHINES 


Portable Hardness Testers 


A DIVISION OF 


Cable and Wire Testers American Machine and Metals. Ine. 


EAST MOLINE, ILLINOIS 
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Atmosphere Generators 
Surface Combustion Corp. has an- 
nounced three new dissociated am- 
monia atmosphere generators. The gas 
generators will have 250, 500 and 800 
cu. ft. per hr. capacity. Residual am- 
monia content is less than 0.05° and 
dew point is —40° F. The generator 


consists of a reaction tube, filled with 
a fast reacting catalyst. The reaction 
tube is suspended in a heating cham- 
ber and heated by a gas burner that 
encircles the bottom of the tube and 
fires vertically into heating chamber. 
For further information circle No. 1185 
on literature request card, page 48-B. 


Saw 

A circular cold saw for aluminum 
alloy billets has been announced by 
Loma Machine Mfg. Co. The hydrau- 
lically operated saw will cut aluminum 
alloy billets up to 21 in. square or 23 
in, round. The machine is equipped 
with a 66-in. diameter sawblade oper- 
ating at 6000 ft. per min. The machine 
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features a tilt arm, and the cut is 
effected through a downward move- 
ment of the sawblade. Complete auto- 
mation is obtained by operating the 
saw in conjunction with billet handling 
equipment. 


For further information circle No. 1186 
on literature request card, page 48-B. 


Hard Surfacing 

A new hard surfacing powder with 
a high tungsten carbide content has 
been announced by Kennametal, Inc. 
It is applied to steel parts by metal 
spraying techniques. Irregular shapes 
and flat surfaces can be coated—the 
size and shape being limited only by 
accessibility required by the spraying 
equipment. After Kenspray is applied. 
the part is heated by an oxyacetylene 
torch or in a furnace to fuse the 
hard surfacing deposit to the base 
metal. Surface coatings can be con- 
trolled from 0.010 to 0.090 in. in thick- 
ness. The tungsten carbide content of 
Kenspray provides wear resistance 
and high hardness. Sprayed surfaces 
cannot be machined but can be 
ground with diamond or silicon car- 
bide wheels where close tolerances 
are required. 
For further information circle No. 1187 
on literature request card, page 48-B. 


Colored Stainless Steel 

A new coloring process for stainless 
steel has been announced by Electro 
Metallurgical Co. Parts can be severely 
formed after coloring without impair- 
ing the surface, and large parts such 
as architectural panels can be proc- 
essed. At the present time, only black 
is being produced commercially, but 
ultimately a range of colors will be 
available. The Permyron process in- 
volves applying the pigment in a 
vehicle to prepared surfaces by such 
methods as spraying or roller coating, 
and processing under controlled tem- 
perature and atmosphere. 


For further information circle No. 1188 
on literature request card, page 48-B. 


Induction Heating 
The addition of a dual frequency 
generator to its line of high-frequency 


induction heating units has been an- 
nounced by Lepel High Frequency 
Laboratories. This generator is 
rated at 10 kw. of output power. The 
lower frequency range is 250 to 600 
ke.; the higher frequency range is ap- 


proximately 2 to 5 megacycles. The 
megacycle tank circuit components 
are located in the lower portion of 
the cabinet and the standard frequency 
tank circuit components in the smaller 
cabinet on the top. Both circuits use 
the same oscillator tube and d.c. power 
supply. 

For further information circle No. 1189 
on literature request card, page 48-B. 


Oxygen Analysis 

A new method for the determina- 
tion of oxygen in steel, titanium, 
tungsten and other metals has been 


announced by Laboratory Equipment 
Corp. The new method which uses the 
Leco conductometric oxygen analyzer 
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Ask for a sample — 
TEST BAR 


/ 
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The steel bar that has 
high strength WITHOUT 
HEAT TREATING 


FREE 


Get your copy of “a new material,” 
a 24-page booklet which gives 


Yes, La Salle invites you to test a sample bar of > abana: pie’ — 
the remarkable new FATIGUE-PROOF. This 
amazing new material is its own best 
recommendation . . . as proven by the many 
original equipment manufacturers who have 


already tested (and are using) FATIGUE-PROOF. 


If you are making parts requiring strengths in a 1424 150th STREET ¢ HAMMOND, INDIANA 
the tensile range of 140,000 to 150,000 psi, and of 
want to eliminate the expense or problems of , 
heat treating . . . if you want to save production 
costs with a bar that machines faster (25% 
faster than annealed alloys—50% to 100% faster 
than heat treated alloys) and gives you a beautiful 
finish, too . . . if you want to improve the quality Title 
of your product while saving money, send us a 
blueprint, drop us a note giving application Cor-pany 
details, or better yet . . . pick up your telephone ae 
and call a La Salle sales engineer (REgent 
4-7800, Chicago, Illinois). City. 


Please send me your ‘““FATIGUE-PROOF”’ Bulletin. 


Name. 
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is capable of producing complete 
oxygen analyses in 5 min. with an 
apparatus range of 0 to 0.035% oxygen 
on the basis of a 1 g. sample. Sensi- 
tivity of the instrument is 0.0002% 
oxygen. 


For further information circle No. 1190 
on literature request card, page 48-B. 


Zone Melting 

Zone melting apparatus, for prepa- 
ration and study of pure materials in 
solid state research and for the pro- 


duction of semiconductor devices, has 
been announced by Research Special- 
ties Co. The device provides the neces- 
sary mechanical apparatus for linear 
motion of sample heaters and can be 
used in a variety of ways for zone 
refining, zone leveling, and crystal 
pulling. The drive unit, with maximum 
travel of 4 ft., may be obtained by it- 
self for installation as the slow speed 
element in any zone refining or 
crystal pulling system; or it may be 


obtained as an integral part of a 
zone melter assembly having a rigid 
bed and smooth ways for 26 in. excur- 
sion of a traveling carriage. The 7% 
by 14 in. carriage is designed with 
several sets of slots for placement of 
heaters as needed by the user. 


For further information circle No. 1191 
on literature request card, page 48-B. 


Heat Treat Baskets 


Aluminum and Architectural Met- 
als Co. has announced furnace baskets 
and fixtures made of RA330. Both 
bar and corrugated-type baskets will 
withstand temperatures of 1500 to 
1800° F. in carburizing or carbonitrid- 
ing atmospheres. 


For further information circle No. 1192 
on literature request card, page 48-B. 


Quenching 

The Gleason Works has announced 
a new quenching machine for handling 
and quenching heated gears and other 
round, flat and cylindrical parts. Spe- 
cial features include the ability to 
handle the parts quickly from the 
furnace to quench and the introduc- 
tion of a pulsing and flexing cycle. 
The workpiece is held between contact 
rings for pulsing, flexing and an initial 
quench, during the period of time when 
the critical changes occur. These 


changes are nearly completed when a 
temperature of about 700 to 900° F. 
has been reached. The workpiece is 
then loaded onto a conveyor belt that 
moves slowly around the tank, under 
the oil, until the part is cooled and 
reaches the discharge elevator. 


For further information circle No.1193 
on literature request card, page 48-B. 


Radiography 

A cobalt 60 radiographic unit has 
been announced by Picker X-Ray 
Corp. The Cyclops provides facilities 
for radiographing heavy steel cast- 


0-100 or 0-300 Ibs. 


Stress-strain curve automatically recorded 
on graph sheets. Limit switch prevents over- 
run. Indicates load as it is applied. Acces- 
sories permit transverse, tensile, compression 

and shear testing easily and economically. Speeds from 0” to 20” 
per minute. The ultimate in fine testing equipment yet low in cost. 


Write or wire for illustrated bulletin —Today 


W.C. DILLON & CO., INC. 


14574F Keswick St., Van Nuys 14, California 
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multi-low-range 
universal 


—>TESTER 


A portable laboratory instrument that is 
accurate to ¥2 of 1%. Tests paper, thread, 
fabrics, plastics, springs, film, cord, wire, 
leather, resins, adhesives, gloss, wood, ce- 
ramics, felt, cardboard, bakelite, insulation 
and any other materials which fall within full 
its range. Hos 5 scales: 0-10, 0-25, 0-50, 


range 


seporate panels. 


Use Proved High Temperature Heat-Treating 


PERECO 
Electric FURNACE 


General 
Purpose 
Furnace 


Temperotures 
Up te 2700° F. 


MODEL 


Clean electric heat for the 

of heat-treating 

needs, with a roomy work cham- 

ber of 14” w. x 24” d. x 12” h. 
Gas tight case. Wedge-fit counter- 
balanced foot-opercted door. Full 
range of controls in handy reach on 


Write Today Telling Us of Your Needs 


PERENY EQUIPMENT CO. 


Dept. 9, 893 Chambers Rd., Columbus 12, Ohio 
Export Office: 
Ad. Auriema, inc., 89 Brood St., New York 4, N. Y. 
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ONE OIL, MANY METALS. Moderately priced Sunicut 5534 gave uniformly ex- 
cellent results in the machining of this wide variety of top-quality steel parts. 


Designed especially for job shops... 


NEW SUNICUT 5534 CAN BE USED 
ON A WIDE VARIETY OF STEELS 


SUNICUT® 5534 ends your search for a 
single cutting oil that can assure quality 
machining of a wide variety of ferrous 
metals...ranging from B1112 to 4130 and 
including free-machining stainless steels. 

A non-emulsifying, transparent cutting 
oil, Sunicut 5534 can speed production of 
general screw machine and turret lathe 
work. It gives excellent finish in tapping, 
drilling, threading, and light stamping op- 
erations and can be used on many special 
jobs run at both high and low speeds. 

Try moderately-priced Sunicut 5534. It 
can save you money by reducing your cut- 


ting oil inventories and oil change time. It 
can boost your production and profits. 

For detailed information, prices and de- 
livery data about this new, versatile cutting 
oil, call your Sun representative today. Or 
write directly to SUN OIL COMPANY, Phila- 
delphia 3, Pa., Dept. MP-6. 


INDUSTRIAL PRODUCTS DEPARTMENT 


SUN OIL COMPANY Philadelphia 3, Pa. 


@SUN COMPANY 


IN CANADA: SUN OIL COMPANY LIMITED, TORONTO AND MONTREAL 
METAL PROGRESS 
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ings, weldments and other steel prod- 
ucts up to 10 in. thick with 1 and 2% 
radiographic sensitivity. It radiates 
energy equivalent to the 2 to 3 million 
volt X-rays. Its cobalt 60 radioactive 
source is contained in a steel-jacketed 
lead sphere flexibly mounted so the 
beam can be aimed in any direction. 
To let out the radiation, a shutter is 
opened by remote electrical control. 


For further information circle No. 1194 
on literature request card, page 48-B. 


Melting-Holding Furnace 
New combination melting and hold- 
ing furnaces in capacities of 1200 to 
5000 lb. have been announced by Sun- 
beam Corp. The furnaces are gas-fired 


and automatic temperature controlled. 
They may be used for die casting, 
permanent mold casting or sand cast- 
ing of aluminum. Rejects and back 


scrap can be charged back on the 
sloping hearth, eliminating any con- 
tamination of the inside of the furnace 
with inserts. Furnaces can be built 
with or without tap holes for complete 
draining. A bridged ladle-out well 
allows constant chlorination and a 
clean supply of metal. 


For further information circle No. 1195 
on literature request card, page 48-B. 


Constructional Steel 

New guaranteed strength minimums 
for USS T-1 steel have been an- 
nounced by U. S. Steel Corp. The 
minimum yield strength has been 
increased from 90,000 to 100,000 psi. 
and minimum tensile strength from 
105,000 to 115,000 psi. Tensile strength 
maximum remains at 135,000 psi. 
T-1, low-carbon, quenched and tem- 
pered alloy steel may be used now at 
higher design stresses. 


For further information circle No. 1196 
on literature request card, page 48-B. 


Dew Point Measurement 
Illinois Testing Laboratories has 
announced a new instrument for 
measuring the dew point of gases 
which are under pressure, such as in 
gas pipe lines, compressed air lines, 
instrument air lines and bottled gas. 
It operates over a range from room 


temperature to 80° F. The instru- 
ment incorporates a by-pass valve and 
rupture disks as safety devices to 
protect the instrument. 


For further information circle No. 1197 
on literature request card, page 48-B. 


Leak Detectors 

A new line of halogen-type leak 
detectors has been announced by Gen- 
eral Electric’s Instrument Depart- 
ment. Each of the new models can 
locate leaks as small as 10° cc. per 
sec.—leakage of less than 1 oz. of 
escaped gas every 100 years. The de- 
tectors use any halogen compound 
tracer gas. The gas can be introduced 


Applications 
(REGULAR AND 


KENTRALL 


THE TORSION BALANCE 
COMPANY 
Main Office and Factory: 
Clifton, New Jersey 
Sales Offices: 
Chicago, San Francisco 
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Hundreds of installations 
over the past few years 
have proved the economy of 
the only hardness tester 
which combines all scales 
of Rockwell Test (15 to 

150 kg. loads). 

The Kentrall cuts costs 
because it does the job of 
two conventional testers, 
requires only half the space 
and maintenance. Write for 
more detailed information, 
plus a list of prominent 
users who have switched 
to Kentrall. reree 


Complete information in Bulletin 203. Write 
for it. Waukee Engineering Company, 5140 
North 35th Street, Milwaukee 9, Wisconsin. 


For measuring: air — ammonia — dissociated ammonia 
— argon — butane — city gas — endothermic cracked 
— exothermic cracked — forming gas — helium — hy- 
drogen — natural gas — nitrogen — oxygen — propane. 


the meter with the 
built-in Valve... 


With the Waukee FLO-METER'S built-in 
Valve, you adjust the gas flow in full view of 
the scale. You can see what you're doing! 


The Control Valve is an integral part of the 
FLO-METER, designed for panel mounting 
and simple piping. No extra valve piping or 
installation. Saves time and money. 


It’s a Waukee-designed and built valve — 
sturdy, simple, smooth. Needle-valve principle 
for accuracy, sensitivity, and easy cleaning. 


And you can still clean the FLO-METER in 
5 minutes or less! 


FLO METERS + AIR-GAS MIXORS 


Wauke INDUSTRIAL WASHING MACHINES 
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PHOTO COURTESY OF SORENSEN INDUSTRIES. 


In Two Years Of Operation At Sorensen Industries, 
These INDUCTO Furnaces Saved More Than Their Cost 


Since Sorensen Industries installed INDUCTO 
induction furnaces, they have reduced metal 
losses and minimized rejects. These benefits 
plus higher melting speeds have saved more 
than the cost of the furnaces in just two years 
of operation. 

The installation includes four, 1000-pound 
furnaces which are operated from a 250 kw 
m-g set. A 50 kw m-g set is interlocked with 
the main unit so that it can maintain a molten 


bath in any of the four furnaces at holding 
temperatures. Four furnaces were used in 
this installation to eliminate contamination 
from one alloy to another. 

You, too, can benefit from modern INDUCTO 
metal melting equipment. Want to know 
more? Write today. INDUCTO engineers will 
be glad to study your requirements. The 
Inductotherm Corporation, 412 Illinois Ave- 
nue, Delanco, New Jersey. 


INDUCTOTH ARM 


corporation 


412 IMineis Ave. Delance, N. J. 
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as a tracer into practically any system 
that does not already contain a halo- 
gen gas. They are designed for 120 
to 240-volt, 50 to 60-cycle operation. 
For further information circle No. 1198 
on literature request card, page 48-B. 


Powdered Metal Presses 

A new series of hydraulic powder 
metal compacting presses of simplified 
design has been announced by the 
Press Div. of F. J. Stokes Corp. The 
new series of presses offers units with 
pressing capacities of 100, 200, 300 
and 500 tons. They are single-acting 
presses with the upper punch motion 
delivering the full pressure of the 


rated capacity by means of the down- 
ward stroke of the hydraulic ram, 
and a hydraulically supported die table 
which provides adjustable upward re- 
sistance to the motion of the upper 
punch. This movable die table pro- 
vides the equivalent of pressure from 
below for simple straightwall parts. 
The bottom punch, which extends up 
into the die is fixed. A 300-ton model 
is shown above. 


For further information circle No. 1199 
on literature request card, page 48-B. 


Vacuum Gage 

A new battery-operated thermocou- 
ple vacuum gage has been announced 
by the Rochester Div. of Consolidated 
Electrodynamics Corp. It is powered 
by a 1.5 volt flashlight battery, con- 
tained in the gage housing and it 
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xr Rolling Powdered Meta 


‘FLEXIBILITY AND 


: Pinion stand and 
housing orranged 
for 


Here is outstanding flexibility for the metal- 
lurgical laboratory or production. This Fenn 
Dual-Purpose Rolling Mill can be used for both 
powder metallurgy and strip rolling. Combines 
all the precision features of other Fenn mills, 
yet, this Fenn Convertible Rolling Mill is liter 
ally two mills in one... ideal for application 
wherever space and capital are limited. By 
simple movement of pinion stand and roll 
housing, it quickly converts for either vertical 
: or horizontal rolling. Mill featured is a Model 
rag V4-126 Two-High/Four-High Combination Mill 


housing quickly 
converted for ; with 12” rolls, 40 HP variable speed AC drive 


Bey Write for complete information and Fenn cata- 


log FRM-58. 


* patent applied for 


The inherent design 


. : of Fenn Rolling Mills 
» = permits all sizes 
to be supplied 
* with the Convertible 


feature. Mlustrated 
is a Series 6 
Convertible Mil! 


THE FENN MANUFACTURING COMPANY ® 505 FENN ROAD ® NEWINGTON, CONN. 
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with 
Low-Hydrogen 
Electrodes 


. Weld difficult steels with little 
“4 or no pre-heat — and at less 
cost. PeH Low-Hydrogen 
Electrodes are free of hydrogen 
forming minerals. The result: 
superior X-ray welds without 
underbead cracks or porosity. 


Electrodes match chemical 
and heat-treating analyses of 
many alloy steels. You get 
higher heats for faster deposi- 
| tion — better impact over a 
i wide temperature range — and 
f easier handling. “As welded” 

tensile strength up to 275,000 
Ibs. psi. Get Bulletin R-29. 


Write Dept. 304E, Harnisch- 
‘ feger Corp., Milwaukee 46, Wis. 
HARNISCHFEGER 


MILWAUKEE 46, WISCONSIN 


‘ 


welders 
electrodes 
positioners 


covers the range from 0 to 1000 mi- 
crons Hg on one nonlinear scale, with 
5 microns the smallest indicated mark- 
ing. Recalibration is accomplished by 
setting the indicator at zero when the 
pressure in the system is below 1 
micron. The GTC-110 gage is 4% in. 
high, 6% in. wide, 3% in. deep and 
weighs 4% Ib. 

For further information circle No. 1200 
on literature request card, page 48-B. 


Spot Welder 

Alphil Spot Welder Mfg. Corp. has 
announced a resistance spot welder 
specially designed for the sheet metal, 
wrought iron and wire fabricating in- 
dustries. The roller-bearing ram per- 
mits precision alignment of the work 
together with application of positive 
pressure. An independent air valve 


brings the ram down for fine electrode 
adjusting. Current capacity is 75 
kva. and temperatures adequate for 
welding 16-gage commercial aluminum 
and 7-gage cold rolled steel are at- 
tainable. Maximum short circuit sec- 
ondary amperage is 26,000. A second- 
stage foot switch allows selection of 
either manual or automatic operation. 


For further information circle No. 1201 
on literature request card, page 48-B. 


Furnaces 

A prepiped radiant roof panel for 
rebuilding and conversion of industrial 
processing furnaces has been an- 
nounced by J. A. Kozma Co. It consists 
of radiant cup-type burners mounted 
in a one-piece refractory tile casting. 
Connection of a gas supply line and 
an air line can be accomplished 
quickly. The roof panel can be sus- 
pended by integral % in. steel tie rods 
attached to the reinforced refractory 
cover plate. Companion arches are 
available for use with the radiant 
panels as front walls in slot-type 


FROM FERROUS METALS 
with fast-acting 


 AHCO 


Compounds 


Whatever your removal problem, it 
will pay you to check Ahco’s com- 
plete line of tested and proven com- 
pounds. included are both acid and 
alkaline materials for soak tank, elec- 
trolytic tank, and tumbling opera- 
tions. Three of the most popular are... 


FREE bulletins describing these and 
many more AHCO Compounds are now 
available . . . write for your copies to 


APOTHECARIES HALL CO. 


DIVISION OF 


THE HUBBARD-HALL 


CHEMICAL COMPANY 


WATERBURY, CONN. 
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PIONEER IN 


NOW OFFERS DECORATIVE 


ON ECONOMICAL 


At long last you can now secure 
beautifully bright, gleaming colors 
from a simple LUSTER-ON chro- 
mate dip process for your zinc 
plated small parts. 

These are not just spotty identi- 
fication colors. These are scintil- 
lating golds, yellows, blues, greens, 
violets, reds, brass and copper hues 
that will add glamor and sales 


appeal. 


Especially Brilliant 
“i on Wire Goods 


Be the first in your field to offer this 
sales booster. Write or wire today 
for the full story on low-cost 
LUSTER-ON COLOR. 


Samples Gladly Processed Free 


West Coast: Crown Chem. & Engr. 
Los Angeles & Son Francisco 
Canadian Licensee: Alloycroft Ltd., Montreal 


CORPORATION 


furnaces or as curtain walls in con- 
tinuous furnaces. 


For further information circle No. 1202 
on literature request card, page 48-B. 


Thickness Gage 

A new wet film thickness gage has 
been announced by Nordson Corp. It is 
capable of measuring wet film ranging 


from % to 20 mils of all paints, coat- 
ing oils, adhesives, plastics and other 
finishing materials. The only moving 
part, a face plate, is rotated to adjust 
to the estimated wet film thickness. 


For further information circle No. 1203 
on literature request card, page 48-B. 


Heat Treating Furnaces 
Lucifer Furnaces, Inc., has an- 
nounced two new electric heat treat- 
ing furnaces. The Series 5055 (right) 
is a box-type furnace for hardening, 
annealing, drawing and preheating 
operations. It is available in four 


models with heat ranges to 2000° F. 
The Series 4055 (left), forced-air 
furnace, is designed for tempering, 
drawing and heat treating aluminum. 
It is manufactured in nine standard 
models with operating temperatures 
to 1250° F. 

For further information circle No. 1204 
on literature request card, page 48-B. 


Tool Steel 


Crucible Steel Co. of America has 
announced a new tool steel with shock 
resistance and high-toughness at high- 
hardness levels. LaBelle HT is a low- 
alloy steel for use as shear blades, 
impact extrusion tools, cold heading 
dies and punches, and coining, and 
striking dies. LaBelle HT averaged 
25,000 pieces in an aluminum extru- 
sion application, 60,000 pieces as a 
cold heading punch and 113,000 to 
130,000 pieces as cold heading dies. 
For further information circle No. 1205 
on literature request card, page 48-B. 


PROBLEM 
WELDING? 


Low-Hydrogen 
Electrodes 


PaH Low-Hydrogen electrodes give 
you industry’s widest choice of alloys 
for welding “difficult” steels. There’s 
a chemical analysis to match most 
parent metals. 


Welds are of X-ray quality, with great- 
er ductility at high tensile strength, 
and better impact properties. For 
more detailed information, write for 
Bulletin R-29, Dept. 301E , Harnisch- 
feger Corp., Milwaukee 46, Wisconsin. 


HARNISCHFEGER 


WELDERS « ELECTRODES 
POSITIONERS 
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Your best move is to UNITRON... 


for a COMPLETE LINE of METALLURGICAL MICROSCOPES! 


UNITRON'S Complete Line of Metallurgical 
Microscopes and Accessories covers the needs 
of Research, Industry ond Education. 


Quality optics . . . advanced optical and 
mechanical design . . . unique and convenient 
operational features . . . budget prices .. . 
free trial period — these, together with 
proven performance are the reasons why... 


THE TREND IS TO UNITRON! 


SCIENTIFIC 


abi 
= 
204-206 MILA Stacey BOsTo, 
Please rush UNITRON’, Microscope Catalog 
in Company 
Address 
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1. BRIGHT ANNEALING furnace 
reduced many machining costs. 


FROM GENERAL ELECTRIC CAN CUT COST, 
IMPROVE QUALITY YOUR PRODUCT, 


General Electric furnaces speed production, cut rejects, reduce maintenance 
costs in hundreds of processing jobs. 


Your decision to call G-E heat 


experts now can save you money today and for years to come. 


Nearly any product, like those shown at left, can be made 
better and at less cost through a heat processing modernization 
plan set up by General Electric. The savings you realize can 
pay off the initial cost of the system in two to three years— 
you get extra profits in years to come, cost-savings and a more 
saleable product today. 


Here are four examples of the results achieved through the 
use of G-E heat processing equipment (pictured below): 


1. SAVINGS OF 25 TO 50% in the manufacture of high 
quality stainless steel parts were realized as a result of bright 
annealing in General Electric furnaces in a Midwest heat 
treating plant. Two years of high-speed processing with virtu- 
ally no maintenance and with low operating cost have resulted 
in high investment return and improved products. 


2. PICKLING WAS ELIMINATED by bright brazing stain- 
less steel parts in a General Electric semi-continuous tubular 
retort furnace. Bright, shiny parts of high quality are now 
produced in less time, at lower cost. 


2. BRIGHT BRAZING FURNACE 
eliminated all pickling costs. 


3. CONTINUOUS ANNEALING FURNACE 
cut malleable-iron annealing cycle 75%. 


3. 75% SHORTER ANNEALING CYCLES—malleable-iron 
annealing with automatically-controlled General Electric rol- 
ler-hearth furnaces cut cycle from 4 days to 48 hours, cut man- 
hours 40% for a Midwest concern. Straight-line, continuous 
annealing boosted process rate to 32 tons of high-quality cast- 
ings every day and eliminated heat-up and cool-off time form- 
erly required by old oil-burning furnaces. 


4. 300% FASTER HARDENING of transmission compo- 
nents is made possible by a General Electric electronic induc- 
tion heater in an automotive plant. Parts enter one end, pro- 
gress on rollers to the other end and are flipped over for 
hardening of the reverse side at the rate of one every six 
seconds. Higher quality products are produced. 


You can achieve results like these with a heat modernization 
system planned by General Electric to fit your needs. If you 
suspect that obsolete heat processing equipment is robbing 
you of profits, call your G-E Apparatus Sales Office. A quali- 
fied Heating Specialist will quickly figure your present costs, 
and your potential savings. Why not call today? Section 
721-16, General Electric Company, Schenectady 5, N. Y. 


4. INDUCTION HEAT TREATING 
increased production by 300%. 


GENERAL ELECTRIC 


ALL OF THIS 
LITERATURE IS 
AVAILABLE FROM 
GENERAL ELECTRIC 


Furnace and Induction Braz- 
ing, GEA-5889 


How and where to use Electric- 
furnace Brazing, GEA-3193 


How to Braze Stainless Steel, 
GER-1331 


Heat Treating Aluminum, GEA- 
5912 


Annealing of Malleable Iron, 
GEA-5797 


How to Get the Best Results 
ae from Sintering Furnaces, GER- 
‘ 978 


LJ 


Temperature Control of Heat 
Treating Furnaces, GER-1206 


} Protective Atmospheres for use 
ny with Industrial Furnaces, GEA- 
5907 


New General Electric Induc- 
x tion Heaters, GEA-6388 


[_} Catalog of General Electric 
Heaters and Devices, GEC- 


1005 

SECTION 721-16 

f GENERAL ELECTRIC COMPANY 

. SCHENECTADY 5, NEW YORK 

i? Please send me the following bulletins. 


G-E MATERIALS HANDLING SYSTEMS 
SPEED PRODUCTION 


Modernization and mechanization of heat processing systems speed pro- 
duction, give uniformity of product, improve quality, and reduce your 
manufacturing costs. General Electric can supply materials handling equip- 
ment, atmosphere producers, instruments, quenching equipments and fur- 
naces or induction heaters to give you “one source”’ responsibility for your 
heat treating line. 


FACTORY ASSEMBLY REDUCES YOUR 
INSTALLATION TIME 


General Electric can completely assemble large furnaces ‘n its Shelbyville, 
Indiana plant. This means that when you buy from General Electric you can 
have your piped and wired furnace on the line more quickly and with lower 
over-all first cost. Experienced furnace builders handle every step of con- 
struction and General Electric provides either supervision or complete instal- 
lation at your plant. 


Progress Our Most Important Product 


GENERAL ELECTRIC 
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INTRODUCING... 


RENE 41 


ALLOY HR 


8 


ALLOY IX 


ALLOY 901 


= 
8 
= 
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1000 
TEMPERATURE °F 


1200 
The strongest sheet alloy 
NOW AVAILABLE 


for use in the 1200-1800°F range 


The chart speaks for itself. No high-temperature 
sheet material in use today has the yield strength 
of René 41. And yield strength is just part of the 
story. This nickel-base, vacuum-melted alloy has 
definite superiority in tensile strength . . . oxidation 
resistance . . . stress rupture life... ductility ... and 
other desirable properties. 

In workability too, René 41 excells. It’s easily 
formable by drawing, bending, spinning and other 
forming methods — can be welded to itself, similar 
or dissimilar materials. 

René 41 is readily available from Cannon-Muske- 
gon in sheet, bar stock and wire forms. Sheets may 


VF 


ALLOY 321 


ALLOY L6 


ALLOY HX 


ALLOY 310 


1400 
«also other 


wrought forms 


1500 


be obtained “as rolled” or polished ... sizes up to 
48 x 120 in... . thicknesses down to .010 of an inch. 
For complete details, mail the coupon below. 


PSS 
CANNON-MUSKEGON CORPORATION, 
2879 Lincoln Avenve, Muskegon, Michigan 


Please send complete information on René 41. 


Name and Title 


i 


CANNON-MUSKEGON CORPORATION 


foe mouster 


2879 Lincoln Avenue °* 


Muskegon, Michigan, U.S.A. 
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Sait Steel Service Centers are served better 
Ge from) & L’s Master Stock of Stainless Steel 


To better serve its warehouse customers, 
iy J & L’s Stainless Steel Division in Detroit 
ooils master stocks hundreds of tons of fin- 
ished stainless steel bar and wire for 


Ye" through 


prompt delivery. This stainless steel 
bar and wire stock is available in sizes 
and shapes to meet customer require- 
ments and specifications. 


Write for these Technical Data: 

1. Laboratory Corrosion Data. 

2. Data Sheets, (please specify 
the grades in which you are 
interested). 


Improve your. if. 
BAR* WIRE*SHEET® STRIP | 
| 
4 Jones & Laughlin Steel Corporation - STAINLESS STEEL DIVISION + Box 4606, Detroit 34 
| 


Olin Aluminum 


pig...ingot...billet... flat sheet... 
coiled sheet...fin stock...plate... 
extrusions...solid... hollow... 
semi-hollow...pipe and tubing... 
rod and bar...electrical conductor... 


is ready to Serve 


Now Olin Aluminum offers you the advantages of 
a large scale, integrated producer . .. a dependable 
source for your growing need for fine aluminum. 
Call your nearest Olin Aluminum office for sales 
and engineering service. Or write: Aluminum 
Division, Olin Mathieson Chemical Corporation, 
400 Park Avenue, New York 22, N. Y. 


TRinity 2-5824 
VAlley 3-1426 
VOlunteer 2-2148 


Cincinnati __.. CApito! 1-6030 
Cleveland __. SUperior 1-4964 
7-1591 


Houston OVerland 2-3645 
Jackson, Mich. _. STate 2-4900 


Kansas City Plaza 3-2055 
Los Angeles __ DUnkirk 5-3231 
Memphis _... JAckson 7-2571 


Milwaukee _ BRoadway 3-8266 


Minneapolis UNion 9-9289 
New Haven ____ SPruce 7-1491 


St. Louis _.. PArkview 6-0247 


Syracuse _.._.. Gibson 6-0427 


Q AND “OLIN ALUMINUM” ARE TRADEMARKS 


LIN *: 


LUMINUM 


cornP? 
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Symbol! of Quality and Service in the Aluminum industry 


=< 
Ag 
7 4 ¢ 4 
N | ad 
Atlanta 
Baltimore ___ 
Boston 
Chicago ..... ORchard 4-6886 Miam Plaza 7-0635 
Dayton _..... BAidwin 4-9631 New York ..... Plaza 1-4540 
Detroit _...._. Liberty 9-5500 Philadelphia _ MOhawk 4-6100 
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NEW CINCINNATI 
flamatic 


save either way 


on precision selective 
surface heating 


Take your selective surface hardening, heating and brazing 
problems to Cincinnati— builders of new and versatile flame 
and induction heating machines. Whether your work is on 
high production quantities or small lots of different size parts, 
you can get the hardness you want, where you want it, using 
the heat source and method most economical for you. 


For detailed information, write for catalogs on the Inductron, 
M-1993, or the Flamatic, M-2015, or better still—call in a 
Meta-Dynamics Division field engineer. Backed by the re- 
sources of Cincinnati’s completely staffed and equipped heat 
engineering laboratories, your needs will be analyzed, your 
parts “‘test run’”’ and specific recommendations made. 


NEW CINCINNATI 
inductron 


THE CINCINNATI MILLING MACHINE CO. 


CINCINNATI 9, OHIO, U.S. A. 
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1207. Air Washers 

Bulletin No. 256 on acid-proof air wash- 
ers for ventilation systems. Construction 
and accessories. Automotive Rubber 


1208. Alloy Castings 

Data folders on two types of alloy steel 
castings. Composition, properties, harden- 
ability bands, uses. Unitcast 


1209. Alloy Steel 

16-page book on type 9115 low-alloy 
high-strength steel. Properties, fabrica- 
tion, welding. Great Lakes Steel 


1210. Alloy Steel 

Data book on the selection of the proper 
alloy steel grades for each manufacturer's 
needs. Wheelock, Lovejoy 


1211. Alloys 

New 8-page pocket-size Booklet No. J4 
on low-melting-temperature alloys. 
applications in the metal field. Descrip- 
tions and physical properties. Cerro 
Pasco 


1212. Aluminum Die Castings 


Bulletin on design and manufacture of 
aluminum die castings. Hoover Co. 


1213. Aluminum Extrusions 
Folder lists alloys used, finishes, trade 
phraseology. General Extrusions 


1214. Aluminum Extrusions 
Catalog of stock extrusion dies. Jarl 
Extrusions 


1215. Aluminum-Iron Alloys 

New Technical Data Bulletin IND-18 
on on applications 
requiring hi uality, soft magnetic ma- 
Plate Div., Metals & 
Controls Corp. 


1216. Aluminum Strip 

20-page booklet on how it is made, sizes 
and weights of coils. Technical data on 
aluminum alloys used. Scovill 


1217. Ammonia 

8-page booklet on uses of dissociated 
ammonia in industry. Dissociation process 
and in bright fur- 
nace brazing, powder metallurgy, bright 
hardening. Armour Ammonia 


1218. Ammonia 

New 69-page data book on anhydrous 
ammonia ammonia liquor. Chemical 
and physical properties, specifications, 
analytical procedures, bibliography. Ni- 
trogen Div. 


1219. Annealing Furnaces 
8-page illustrated booklet on continu- 
ous annealing furnaces. Schematic dia- 
grams, photographs, and actual produc- 
tion data. Drever Co. 


1220. Atmosphere Equipment 
New Bulletin No. I-101 on carbon diox- 


ide removers. Design features, data chart, 
operation. C. M. Kemp 


1221. Atmosphere Furnace 
4-page bulletin on automatic continuous 
heat treating furnace. Operational advan- 


tages, principle of operation, capacity, 
construction. American Gas Furnace 
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1222. Atmospheres 

New 6 and 4-page bulletins on am- 
monia storage units and nitrogen genera- 
tor. Hamler Industries, Inc. 


1223. Automatic Controls 

New et am Catalog No. 858 on auto- 
matic controls for heating and industrial 
applications—pressure, temperature, liq- 
wd level. Mercoid Corp. 


1224. Bimetal Applications 
44-page booklet, “Successful Applica- 

tions of Thermostatic Bimetal’”’, contains 

uses, formulas, calculations. W. M. Chace 


1225. Blast Cleaning 

Complete information on Malleabrasive 
for cleaning and finishing. Globe Steel 
Abrasive 


1226. Boron Additive 

6-page article on use of grainal as boron 
additive alloy and properties of grainal 
steels. Vanadium Corp. 


1227. Brazing 


How high-temperature honeycomb 
structures are brazed printed in Low- 
Temperature Brazing News, No. 77. Handy 

Harman 


1228. Brazing 

52-page publication GEA-3193C on how 
and where to use electric furnace braz- 
ing. Limiting creep of brazing metal, se- 
lecting the brazing metal, strength of 
furnace-brazed parts, how to braze cast 
iron, causes of distortion. General Elec- 
tric 
1229. Carburizing 

Data folder on Aerocarb E and W 
water-soluble compounds for liquid car- 
burizing. Case depth vs time curves. Per 
cent carbon and nitrogen penetration 
curves. American Cyanamid 


1230. Castings 

12-page bulletin on ArmaSteel castings. 
Properties, applications, machinability 
and heat treating. Central Foundry Div. 


1231. Castings 

Die and permanent mold castings in 
aluminum and zinc discussed in new bro- 
chure, “Improve Your Products! Lower 
Your Costs!” Peasley Products, Inc. 


1232. Centrifugal Castings 


Folder on advantages of centrifugally 
cast thermalloy. Electro- Alloys 


1233. Ceramics 

4-page folder lists industrial 
and bulletins describing them. 
Refractory Porcelain Co. 


1234. Chromate Finishing 


File on chromate conversion coat 
for prevention of corrosion and = 
base treatment nonferrous metals. 
Allied Research Products 


1235. Chromium Platin 
Bulletin CFC-1 on advantages of crack- 

free chromium plating process. Metal & 

Thermit 

1236. Chromium Stainless 


12-page book on fabrication and use of 
Type 130 stainless steel. Sharon Steel 


roducts 
cDanel 


1237. Chromizing 

4-page folder describes how to make 
iron powder components resistant to rust 
and wear. Chromalloy 


1238. Cleaning Compound 

Bulletin B-6 on water displacing com- 
pound for producing unspotted, dry sur- 
faces. Apothecaries Hall 


1239. Coating 

New folder on zinc phosphating com- 
pound designed to give a heavy coating 
in tank applications. Oakite 
1240. Coatings 

Bulletin gives uses of various conver- 


sion coatings for zinc and cadmium. 
Chemical Corp. 


1206. Magnesium Alloys 

Magnesium - thorium alloys 
HK31A, HM21A and HM31XA 
for elevated temperature use 
are described in this 28-page 
booklet. Design characteristics 
of this group of alloys, includ- 
ing buckling resistance, stiff- 
ness characteristics and thermal 
barrier characteristics, are dis- 
cussed as well as such shop 


characteristics as machining, 
forming, joining, assembly and 
finishing. Property data includes 
a comparison of the structure 
temperatures of the magnesium- 
thorium alloys with those of 
various other metals for different 
flight times, mach numbers and 
altitudes. Dow Chemical Co. 


1241. Cold Finished Steel 

im booklet on 10 grades of cold 
finish steels. Analysis, machinability, 
heat treatment, wear resistance. Jones & 
Laughlin 
1242. Cold Forming 

4-page folder on die-form process for 
cold reduction of steel bars into multi- 
diameter shaft blanks for finish turning 
or grinding. Republic Steel 
1243. Cold Rolled Steels 

New 48-page Handbook MS-158 on rol- 
ler die, cold forming metal shapes. Mate- 


rial selection, specifications. Van Huffel 
Tube Corp. 


1244. Controller 
New 12-page Bulletin 5A-13A on pneu- 
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@ —Bricht Annealing—Stainless Steels, Nickel and 
Nickel Alloys, Beryllium Copper, Silicon Copper 
Alloys and Bronzes, and high and low carbon steels. 

©} —ciean Hardening—High carbon and high chrome 


the Drever 


—Bright Annealing of Electrical Steels. 
/ ( —Reduction of Metal Oxides. 
EC 7) —Atomic Hydrogen Welding. 
—Rasic Tube Sealing. 


We can supply COMPLETE STORAGE SYSTEMS for tank 


car lots of anhydrous ammonia. This reduces the cost of 
ammonia approximately 75%. Write for bulletin B-52 


RED LION ROAD & PHILMONT AVE., BETHAYRES, PA, 
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FOR ALL 
HEAT- DEPENDENT 
OPERATIONS 


Sixty-three different com- 
positions enable you to 
determine and control 
working temperatures 
from 113° to 2000° F. 
TEMPILSTIK® marks on 
workpiece “say when” by 
melting at stated tempera- 
tures—plus or minus 1%. 


also available in 
pellet and liquid form 
Guide to Ferrous 


FREE 


016%" x21” plastic-laminated 
wall chart in color. 


Tempil “Basic 


Send for sample pellets, stating 
temperatures of interest to you. 


CLAUD S. GORDON CO. 


Manufacturers « Engineers « Distributors 


613 West 30th St., Chicago 16, Ill. 
2021 Hamilton Ave., Cleveland 14, Ohio 
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matic indicating controller for process 
variables. Foxboro 


1245. Controls 

Data Sheets ND46-33(107), NU9(3) and 
Folder ND4(7a) on control system which 
will ay regulate power input 
to a variety of electric furnaces. Leeds & 
Northrup 


1246. Copper Alloys 

24-page manual on alloys in rod form. 
Typical parts. covering al- 
loys described. Mueller Brass 
1247. 


Corrosion Resistant 


Alloy 
20-page booklet on nickel, chromium, 
molybdenum, iron alloy gives chemical 
composition, corrosion data, properties 
_ welding characteristics. Haynes Stel- 
ite 


1248. Creep Testers 

Pocket-size creep load calculator that 
determines the pounds of weight needed 
on weight pan when testing specimens in 
creep testers. Arcweld Mfg. Co. 


1249. Cutting Machine 

New 16-page Catalog 804B on flame 
cutting machine. Design and performance 
features. Gas distribution system, acces- 
sories. Air Reduction Co. 


1250. Degreasing 

New Bulletin No. 70 on degreasing with 
trichlorethylene. Advantages and disad- 
vantages. Hooker Electrochemical 


1251. Desecaling Process 

8-page bulletin on sodium hydride de- 
scaling process for ferrous and nonferrous 
metals. DuPont 


1252. Dryer 

New Bulletin 130 describes Aero after- 
cooler for removing moisture from com- 
pressed air and gas. Application of equip- 
ment. Niagara Blower Co. 


1253. Ductile Iron 

New 12-page Bulletin MPC provides 
data on application of ductile iron for 
machine parts. Material specifications. 
Cooper-Bessemer 


1254. Ductile Iron 


New bulletin on magnesium-ferrosili- 
con for ductile iron. Analysis of magne- 
sium _~— Role of magnesium in 
ductile iron. Electro Metallurgical 


1255. Electric Furnace 

4-page bulletin 515 on high-temperature 
electric furnace. Design and construction. 
Burrell Corp. 


1256. Electric Furnace 


Bulletin 5610 on rocking electric furnace 
with motor-driven electrodes. Ratings, 
special features and characteristics. De- 
troit Electric Furnace 


1257. Electric Furnaces 

Data sheet describes and gives specifi- 
cations of standard nonmetallic resistor 
furnaces. Harrop Electric Furnace Div. 


1258. Electric Furnaces 

Folder on electric furnaces with zone 
control, indication, automa- 
tic control. L & L Mfg. Co. 


1259. Electric Furnaces 
Bulletin on furnaces for all types of 
heat treating and hardening, both stand- 
od and custom designed. Pacific Scien- 
tific 
1260. Electric Furnaces 
8-page Bulletin 570 on heat treating, 
melting, metallurgical tube, research and 
sintering furnaces. Custom designs for 
special requirements. Pereny 


1261. Electric Heating 
4-page bulletin on electric heating ele- 
ments for pipe, tube and tank heating. 


Sizes, temperature control, element life 
and installation discussed. Cooley Electric 


FIT 


Exacting physical requirements such 
as fatigue resistance, tensile strength 
and drawing properties are easily 
met by SOMERS, where complete 
facilities include a modern labora- 
tory equipped for chemical, elec- 
trical and performance testing of 
all SOMERS THINSTRIP—both in 
process and before shipping. 


The latest electronic gages, controls 
and other precision instruments 
guorantee uniform quality every 
time in nickel and its alloys from 
020" and copper and its alloys 
from .010", both down to .000175”. 


Special requirements are “run of the 
mill” for SOMERS. Write for confi- 
dential data blank or field engineer. 


fy 


Somers Brass Company, Inc. 
106 BALDWIN AVE, WATERBURY, CONN. 
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Allease furnace 
clips cost on 
manicuring implements 


One man and one furnace pow match the 
former production of two men and two furnaces in this 
plant. Added to this gain are two others: greater ver- 
satility in processing, and finished work of uniformly 
high quality. The latter is especially important to this 
manufacturer of manicuring implements, because he 
offers a lifetime guarantee on many of his products. 

The “hero” of this story is the Surface Allcase® fur- 
nace, which is used for hardening, carbonitriding, 
carburizing, and annealing. Controlled atmosphere is 
supplied by a Surface MRX® gas generator. Work 
handling and atmosphere control can be completely au- 
tomatic, if you wish. Why don’t you find out about 
this profitable furnace now? 

Write for Bulletins SC-163 and SC-174. 

Surface Combustion Corporation, 2377 Dorr St., 
Toledo 1, Ohio. In Canada: Surface Industrial Furnaces, 


Ltd., Toronto, Ontario. wherever heat is used, ia industry 
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1262. Electrocoated Wire 

8-page bulletin on new wire materials— 
Nickelply and Brassply, electrocoated 
steel wire. How it may be formed, bent 
and twisted without breaking the coating. 
National Standard 


1263. Extrusions 

Bulletin on extruded seamless alloy and 
stainless steel a Properties, shapes. 
Metals Processing Div., Curtiss-Wright 


1264. Fabrication 

Booklet on welded steel heavy fabrica- 
tion pictures and describes how various 
products are made. R. C. Mahon 


1265. Finishing 

New 44-page Catalog 1169-B on 15 
models of ishing machines. Automatic 
size control, floor pines for all models, 
applications. Gisholt Machine Co. 


1266. Finishin 

New bulletin descri final finishes for 
new forging dies. Cleaning and refinish- 
ing forging dies. Vapor Blast Mfg. 


1267. Finishing Systems 

New 8-page Catalog No. 600 on clean- 
ing, painting and ing equipment. 17 
isometric drawings. Schmieg Industries 
1268. Flame 

20-page catalog on flamatic rdening 
machines and allied equipment. Cincin- 
nati Milling Machine Co. 


1269. Flow Meters 


Bulletin 203 on flow meter for gas used 
in heat treating. Waukee Eng’g. 


1270. Formed Plate 

Bulletin on stainless steel elliptical 
flanged and dished heads. 171 available 
dies listed. G. O. Carlson 


1271. Freezer 
Data on chest for use down to —95° F. 
for production use and testing. Revco 


1272. Furnace Supplies 

8-page paie Rey accessories to melting 
furnaces including linings, silicon-carbide 
base blocks, burners, blowers, pots. 
Lindberg Engineering 


1273. Furnaces 

Bulletin 209 on luminous wall firi 
system. Design of furnace, heating an 
cooling rates. Advantages of instantane- 
ous heating. A. F. Hol 


1274. Furnaces 

Metal Melting Newsletter on push-out 
furnace, a removable crucible furnace. 
Inductotherm Corp. 


1275. Furnaces 

Bulletin on electric heat treating fur- 
naces describes five series and acces- 
sories. Lucifer Furnaces 


1276. Furnaces 


Monthly bulletin on used equipment. 
Metal Treating Equipment Exchange 


1277. Furnaces 

Folder describes complete set-up for 
heat treatment of small tools, including 
draw furnace, quench tank and high tem- 
perature furnace. Waltz Furnace 


1278. Galvanized Steel 

New 34-page booklet on zinc-iron al- 
loys. Fabrication, how to weld and solder, 
typical uses. Armco 


1279. Gas Analyzers 

20-page booklet on continuous analy- 
zers for combustible gases. Alarm sys- 
tems. Mine Safety Appliances Co. 
1280. Gas Unit 

Bulletin HD-257 on gas preparation unit 
gives gas composition and chemical reac- 
tions, advantages. Hevi Duty 

1281. Gold Plating 

8-page paper gives bath composition, 
equipment and operating conditions, and 
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metallurgical characteristics of 24K gold 
plate on various base metals. Sel-Rex 


1282. Gold Plating 

Physical, the chemical, electrical, 
diffusion and optica perties of electro- 
plated gold. Uses. Technic 


1283. Graphite Electrodes 
Vest-pocket notebook containing 90 
pages of information on electric furnace 
electrodes and other carbon products. 
Great Lakes Carbon Corp. 


1284. Hardness Conversion 


Tables 
Celluloid card, 2% x 4% in., gives a 
roximate relationship between Brinell, 
IPH (Vickers), Rockwell and Shore 
Scleroscope hardness values and corre- 
sponding tensile strengths of steels. Inter- 
national Nickel 


1285. Hardness Conversions 

Desk-size chart of conversions for 
Rockwell tests and other hardness scales. 
Torsion Balance Co. 


1286. Hardness Tester 
20- book on hardness testing by 
Rockwell method. Clark Instrument 


1287. Hardness Tester 

Data on portable tester with five most 
widely hardness scales. Co. for 
Technical Progress 


1288. Hardness Testers 

New - Catalog No. DH-327 on 
accessory and special testing. Wilson Me- 
chanical Instrument Div. 


1289. Heat Exchangers 
Bulletin 105 on heat exchangers, their 
ressure ratings and heat tr er ratings. 
l Research & Engineering Corp. 


1290. Heat Treat Pots 
Catalog on pressed steel pots for lead 
salt, cyanide, oil tempering and metal 
eins. Eclipse Industrial Combustion 
v. 


1291. Heat Treating 

Heat Treat Review, Vol. 8, No. 3, con- 
tains a discussion on “automation” in 
your heat treating department. Surface 
Combustion 


1292. Heat Treating Belts 

New 12-page catalog of conveyor belts 
and data for their design, application and 
selection. Ashworth Bros. 


1293. Heat Treating 
Equipment 
New 24-page Catalog 54 on light-weight 


rocessi and heat treating equipment. 
ressed Steel Co. 


1294. Heat Treating Fixtures 
32-page catalog G-10A lists process 

equipment, heavy welded fabrications, 

muffies, trays, fixtures for furnaces, heat- 

treating equipment, pickling equipment. 
oloc 


1295. Heat Treating Fixtures 
12-page bulletin on wire mesh baskets 
for heat treating and plating. Wiretex 


1296. Heat Treating Furnaces 
12-page booklet on various heat treating 


furnaces contains chronology of advances. 
Holcroft 


1297. Heat Treating Furnaces 

32-page catalog on high- gas fur- 
naces for heat treating carbon and alloy 
steels; also pot furnaces for salt and lead 
hardening. arles A. Hones 


1298. Heat Treating Furnaces 
Folder on industrial furnaces. Continu- 
ous designs. Insulation. Pacific Industrial 


1299. Heat Treating Supplies 
Data sheets on carburizing, hardening, 

tempering, nitriding salts, metal cleani 

and rust prevention materials. Heatbath 


LABOR SAVED 
50% 
PRODUCTION 


CONTINUOUS HARDENING, 
QUENCHING, DEGREASING, 
DRAWING LINE 


It's one operation instead of four to 
heat treat cylinder liners at Continental 
Motors with the R-S equipment. Electric 
heat treating line is one complete unit 
... temperature is 1575° F. for harden- 
ing, it is oil quenched and the draw 
furnace operates at 1100° F. The at- 
mosphere is controlled through harden- 
ing and quenching operations and 
capacity is 1,300 gross Ibs. per hour. 

R-S Heat Treating unit requires only 
two men instead of four with the con- 
ventional type. Production rate is up 
50% . . . quality is uniformly high... 
and the unit paid foritself in 22 months. 

Why not put these savings into your 
heat treating? Write today for your 
copy of the booklet on better heat 
treating. Ask for R-S 200. No obligation. 


R-S FURNACE CO., INC. 
North Wales, Pa. 


Car Hearth Furnaces 
Continuous Furnaces 
Rotary Type Furnaces 


FURNACES 
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Whatever the 


Its performance and name 


are the same around the world 


Other Outstanding 
Shell Industrial Lubricants 


Shell Tellus Oils—for closed hydraulic 
systems 

Shell Alvania Grease— multi-purpose 
industrial grease 

Shell Turbo Oils—for utility, industrial 
and marine turbines 

Shell Rimula Oils—for heavy-duty diesel 
engines 

Shell Talona R Oil 40—anti-wear crank- 
case oil for diesel locomotives 

Shell Dromus Oils—soluble cutting oils 
for high-production metal working 

Shell Macoma Oils—for extreme pres- 
sure industrial gear lubrication 


Shell Voluta Oil is a stable high-speed quenching oil that proves 
ideal for use in both static and circulating quenching systems. 


Voluta® Oil offers two unique characteristics: (1) It remains 
stable at temperatures up to 180°F. with no appreciable sludge 
formation. (2) It permits safe, rapid quenching of parts which 
ordinarily have a tendency to distort. 


Voluta Oil is available on a world-wide basis, and you can 
be sure your customers abroad will get the same performance 
from your quenching equipment that your domestic customers 
rely upon. Write for complete information to Shell Oil 
Company, 50 West 50th Street, New York 20, N. Y.,or 100 
Bush Street, San Francisco 6, California. 


SHELL VOLUTA 
AZ 
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1300. Heat Treatment 

Bulletin 200 on car hearth, rotary 
hearth, pit, roller hearth, belt, chain, 
pusher, and “hi-head” furnaces. R-S Fur- 
nace 


1301. Heating Element 

New 12-page catalog on 35-20 nickel- 
chromium-iron heating element. Temper- 
ature-resistance curve, physical property 
tables and factors to consider in designing 
furnace elements. Hoskins Mfg. Co. 


1302. Heating Elements 

Bulletin on cast heating element used 
in electric furnace. Various methods of 
mounting. Electric Furnace 


1303. High-Alloy Castings 

16-page bulletin, No. 3354-G, gives e 
neering data concerning castings used for 
resisting high temperatures, corrosion and 
abrasion. Duraloy Co. 


1304. High-Strength Steel 

New 24-page bulletin on steel bars 
made by elevated temperature drawing. 
Strength without heat treatment, machin- 
ing data, fatigue resistance, wearability. 
LaSalle Steel 


High-Strength Steel 
page book on T-1 steel, its proper- 
ian and applications. U. S. Steel 


1306. High-Strength Steels 

New folder on manganese-copper steels. 
Properties, fabricating practice. Republic 
Steel 
1307. High-Temperature 
Castings 

16-page manual on heat and corrosion 
resisting castings. Principles of alloy com- 
position, their properties and limitations, 
stabilizing influences and heat treatment. 
Michigan Standard Alloy 


1308. Hydraulic Tables 

New 40-page Bulletin No. 3300 on 
presses and applications. 28 pages of 
tables on decimal equivalents, hydraulic 
ram capacities, wire and sheet metal 
ae stren th of material, etc. Hamilton 


1309. Induction Heating 
36-page bulletin on "ror brazing, har in- 
duction heating —_ for brazing, harden- 
ing, ealing, melting and 
bombarding 


1310. Induction Heating 

New ta booklet on the A-B-C’s 
of induction heating for extrusion, forg- 
ing, brazing, heat treating and metal join- 
ing. Magnethermic 


1311. Induction Heating 
8-pege bulletin on high-frequency 


motor-generator sets for induction heat- 
ing. Ohio Crankshaft 


1312. Inspection 

16-page catalog on illuminated Bore- 
scopes for industrial inspection of deep 
recessed areas. National Electric Instru- 
ment Div. 


1313. Laberetery Equipment 
16-page potlight lists op- 
tical equipment instruments for 
metallurgical ae, Cut-off ma- 
chines, polishing tables, etc. Harshaw 
Scientific 
1314. Laboratory Equipment 
Bulletin on high-purity ite pow- 
der, boats. United Car- 


1315. Laboratory Furnace 
Data sheet on high-temperature labora- 
crucible melting. Zirconium Corp. of 

America 
1316. 
60-page book on -strength low- 


alloy fabrication and 
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1317. Lubricant 


Bulletin 426 on use of colloidal graphite 
for forging, wire drawing, piercing, draw- 
ing, extrusion and other metalworking 
operations. Acheson Col 


1318. Lubricant 

New 24-page Bulletin No. 115 on prep- 
aration of metal surfaces for proper ap- 
plication of lubricant . &.. either spraying 
or dipping. Alpha Moly 


1319. Manganese 


9-page article on electromanganese. 
Manufacturing procedures, product char- 
acteristics, uses. In Foote ints, V. 28, 
No. 2. Foote Mineral Co. 


1320. Manganese Steel 

New booklet on rolled and forged 
nonmagnetic high-manganese steel. 5 
pases of applications. Manganese Steel 


1321. Marking Machines 


Data on various types of marking ma- 
chines from bench mounted machines for 
of mi duty marking to machines capable 

Se ig ~ at up to 6 tons table pressure. 

H. Matthews & Co. 


1322. Melting Furnace 

6-page folder R-53 on 60-cycle com- 
bined melting and holding furnace for 
continuous casting of aluminum. Ajaz 
Engineering 


1323. Melting Furnaces 
28-page catalog on Heroult electric 
melting furnaces. Types, sizes, capacities, 
ratings. American Bridge 


1324. Metal Sorting 
Data on nondestructive sorting tool for 


semi-finished or finished parts. 
J. W. Dice 


1325. Metallograph 

8-page catalog E-240 on research metal- 
lographic equipment discusses microscope 
unit, illuminator, optical equipment, cam- 
era, focusing arrangements. Bausch & 
Lomb 


1326. Microscope 
New Technical Bulletin HHS-2 on 
vacuum heating stage which permits 
specimens to be examined at tempera- 
tures ranging from room temperature to 
pplication, specifications. Uni- 
tron Instrument Div. 


1327. Molybdenum Borides 


6-page bulletin on applications, chemi- 
cal, ~ and mechanical properties 
of velvasteny molybdenum borides. Prep- 
aration of compounds. Climax Molybde- 
num Div. 


1328. Nondestructive Testing 

8-page bulletin on equipment for non- 
destructive testing a Gale rods, tubing. 
Magnetic Analysis 


1329. Nonferrous Wire 

Folder gives wire gage and footage 
chart and data on beryllium copper, 
phosphor bronze, nickel, silver, brass and 
aluminum wire. Little Falls Alloys 
1330. Ovens 

New Bulletin 4-257 on gas, oil and elec- 
tric ovens. Load carrying door, electric 


drawer and walk-in type ovens. Grieve- 
Hendry 


1331. Oil Quenching, 
Bulletin No. 11 on quenching oil also 


discusses advantages of quench agitation. 
Sun Oil Co. 


1332. Permanent Magnets 
New 12-page Catalog No. PR-19 on per- 
manent magnets, magnetizers, and de- 
(Continued on page 48-A.) 


Portable Pyrometer Indicator 
Does Many Jobs 


Mini Mire: 


Null Balance, Potentiometer Type 


The “MiniMite” Portable Potentiometer Indica- 
tor gives you laboratory accuracy in a rugged, 
versatile instrument. Use it conveniently for a 
wide range of temperature measurement, cali- 
bration and test purposes. its dimensions are 


only 4” 


x 5” x 6”—weight is under 4 Ibs. Ac- 


curacy is % of 1% of scale range. 


Temperature Measurement For direct tem- 
perature measurement, connect the “MiniMite” 
to a thermocouple. it’s ideal for laboratory 
work, emergency operation or substitution for 


instruments under repair... 


also for many types 


of research and test work. 


Calibration Use the “MiniMite” with equal 
facility for calibrating thermocouples, or both 
and millivoltmeter-type instru- 


Scale Range 


Individual ranges on the “MiniMite's” double-range scale are almost 


24” long. Choose from 49 different range combinations to cover temperatures from 
—300°F.to +3200°F. for all standard thermocouples, and millivolts from —6.2 to +62. 


Write For Bulletin 64-H. 


SADDLE BROOK, NEW JERSEY 
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Introducing Allied’s 


New Clear Protective Coating for 
All Metals ...as safe and easy to 


handle as Water! 


New method of protection incorporates corrosion inhibitors in a water- 


soluble polymer base. Dries to an extremely thin, tough, durable coating— 
clear in color. Does not chemically affect base metal or any post-treatments. 


Allied’s new Irilac #1000 is a concen- 
trated solution of a water-soluble 
polymer with built-in complex corro- 
sion inhibiting materials. It was de- 
veloped to answer the needs of the 
metalworking industry for a non- 
conversion process that will provide 
corrosion resistance and resistance to 
fingerprinting and abrasion on base 
metals and electrochemically or chemi- 
cally finished surfaces—without chang- 
ing the appearance of the metallic 
surface. 


There are no hazards involved—Irilac 
is non-fuming, non-toxic, and requires 
no special fire prevention measures. 


THE PROCESS 


Irilac #1000 is diluted with water to 
provide a simple one-pass working solu- 
tion. It is then applied by dip, brush or 
spray and forms a coating that quickly 
bonds to the metal surface without re- 
acting with the surface. 


THE PROPERTIES 


The resulting coating is clear, trans- 
parent, thin yet durable. It has excel- 
lent water-resistant properties, and can 
be rubbed, handled and subjected to 
rough treatment. The surface to which 
Irilac has been applied is not altered— 
in fact, the transparent coating brings 
full tone to colored surfaces and clarity 
to iridescent surfaces. The water-thin 
physical characteristic of the solution 
means that the coating provides pro- 


Used as a protective treatment alone or to enhance value of post-treatments. 


tection in recessed areas that are 
difficult, if not impossible, to protect 
with other methods. 


ALUMINUM PANELS: bare (left) and coated 
with Irilac (right) after 168-hour salt spray. 


WHERE IRILAC CAN 
BE USED 


Irilac #1000 can be applied to any 
metal—wet or dry—treated or un- 
treated. All metals can be processed in 
one operation in the same solution. It 
can be applied in conjunction with any 
process—over Iridite, anodized, phos- 
phated surfaces, black oxide, etc. Sur- 
faces treated with Irilac provide a good 
base for paint. 


Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET 
BALTIMORE 5, MARYLAND 


APPLICATION 
ADVANTAGES 


No other process or material available 
for the protection of metals offers all 
the application advantages found in 
new Irilac #1000: 


] It can be applied to any clean metal simply 
by dip, brush or spray. No special equip- 
ment is required. 


> Saves time—just apply and dry—no re- 
action time required. 

3 No hazards involved—no exhaust or 
special fire protection equipment is re- 
quired. Irilac is non-fuming and non-toxic. 

4 Saves space. Presents no disposal problem. 
Low in first and final costs. 


Because of its versatility and complete 
safety, Irilac has unlimited uses. For 
example, it will protect aluminum 
furniture, brass hardware and fixtures, 
steel parts of all types, zinc castings, 
etc. In fact, any base metal or plated 
surface, or those treated with electro- 
lytic or chemical post-treatments, can 
be improved or enhanced with Irilac. 


IRILAC #1000 MAY BE 
THE ANSWER TO YOUR 
PROTECTION PROBLEM 


Our development staff will be glad to work 
with you to determine the significant bene- 
fits Irilac can offer you. Simply send us some 
parts and let us show you what Irilac can 
do. No obligation, of course. 


Manufacturers of IRIDITE®, IRILAC'™-, ARP® Brighteners and Plating Chemicals 


West Coast Licensee: L. H. Butcher Co. 
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YOU PRESS THE BUTTON. 
OHIO SEAMLESS 


DOES THE REST 


Buying steel tubing from Ohio Seamless doesn’t 


ANTITY 
cost—it pays. Our minimum quantities are gener- >| ee) 
ally smaller than you may realize . . . often as small 


as 100 to 150 feet, in certain seamless grades and sizes. 


When you buy from us, you're dealing with tubing | 
experts . . . men who can recommend the exact a . 
Ostuco Tubing to suit your product and processes. | : 


There’s no compromise on analysis, size, anneal, etc. ANNEAL 


Advantages of buying from Ohio Seamless multi- 
ply, the closer you examine them. Our single-source 
service eliminates headaches of interplant shipments 
. .. possible errors . . . multiple purchase orders and 
invoices. Ohio Seamless keeps your production lines 
humming because you get precisely what you want. 

For proof, contact our nearest sales office or the SALES OFFICES: BIRMINGHAM + CHARLOTTE + CHICAGO (Ook Pork) 


plant at Shelby, Ohio—Birthplace of the Seamless Steel CLEVELAND + DAYTON + DENVER + DETROIT (Ferndale) - HOUSTON 
; ; LOS ANGELES (Lynwood) + MOLINE + NEW YORK + NORTH KANSAS CITY 
Tube Industry in America. AA-TLIS PHILADELPHIA (Wynnewood) + PITTSBURGH + RICHMOND + ROCHESTER 
ST. LOUIS + ST. PAUL + ST. PETERSBURG SALT LAKE CITY SEATTLE 
¥ TULSA + WICHITA 
CANADA: RAILWAY & POWER ENGR. CORP, LTD. 
¥ EXPORT: COPPERWELD STEEL INTERNATIONAL COMPANY 
v 225 Broodway, New York 7, New York 


OHIO SEAMLESS TUBE DIVISION 


of Copperweld Steel Company SHELBY, OHIO 


Seamless and Electric Resistance Welded Stee/ Tubing « Fabricating and Forging 


JUNE 1958 


When you buy from Ohio Seamless 
: 
- 
ee - 
TUBING 
1908 1968 
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Large Stocks of One-Piece Elements. You get quick deliveries of Norton “Hot Rods” 
— on short notice. Also, most popular sizes of these CRYSTOLON heating elements — like 
the sizes shown in this section of the Worcester stockroom — are now made in the new, 
one-piece construction — with no welds. This assures greater strength and uniform 
straightness throughout each rod. 
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ready for immediate delivery 


famous for Long Life and Economy 


CRYSTOLON* heating ele- 
ments bring you extra advan- 
tages for better performance 
and bigger savings. 


“Hot Rods” are a typical Norton R — an 
expertly engineered prescription for greater 
efficiency and economy in electric furnaces 
and kilns. Made of self-bonded silicon car- 
bide, each rod has a central hot zone and cold 
ends. Most popular sizes are non-welded and 
interchangeable with your present rods. 

You save in element costs because you use 
far less ““Hot Rods’’. Also, their more uni- 
form heating quality, due to their slow, 
evenly matched rate of resistance increase, 
helps you protect product quality and main- 
tain a smooth production flow. For further 
facts on “Hot Rod” advantages send for 
booklet Norton Heating Elements, NORTON 
ComPANY, Refractories Division, 8325 New 
Bond Street, Worcester 6, Massachusetts. 


Scientifically Safe Packaging. Here, a carton of 
“Hot Rods” has been cut in half to show you how our 
scientific packaging protects them even more thor- 
oughly than delicate household glassware or china. 
They're packed shockproof to reach you unbroken. 


*Trade-Mark Reg. U.S. Pat. Off. and Foreign Countries 


JUNE 1958 


Greatly Increased Strength. Ever since they were first produced “Hot 
Rods” have been endorsed by users for outlasting other non-metallic 
heating elements up to 3 to 1. Today, the new one-piece rod, made in 
most popular sizes — and soon available in all sizes — is twice as strong 
in standard cross-bending tests. 


Straighter Than Ever. Looking down the entire length of a one-piece, 
non-welded “Hot Rod”’ you'll note there isn’t the slightest bulge in the 
surface. So, when you insert them into the openings of your furnace or 
kiln you can be sure there'll be no binding due to uneven diameters. 


WNORTONF 


REFRACTORIES 
Engineered... ... Prescribed 
Glaking better products ... to make your products better 


NORTON PRODUCTS 
Abrasives + Grinding Wheels « Grinding Machines + Refractories 
BEHR-MANNING DIVISION 
Coated Abrasives + Shorpening Stones + Behr-cat Tapes 
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BeW’s Mr. Tubes helps you | engineer for profit | 


When your application involves steel tubular products, B&W’s Mr. Tubes can help you engineer for 
profit—help you reduce costs and make a better product. Here is the reason why you should make 
him a member of your product-planning team: 

Mr. Tubes, your local B&W district salesman—is thoroughly qualified to help you select 
the one tubular product best suited to your fabricating operations and end-use applications. 

For instance—in the case of a heat exchanger—should the tubing be seamless or welded? 

Single length or center welded for unusually long length? 
What about tolerances? Grade of steel? Mechanical prop- 
erties and heat treatment? Standard or special specifi- 
cations? 

These are but a few of the many factors involved in 
determining the right tube for a job. Next time you are 
planning a product in which tubing is used — call in 
Mr. Tubes. He can be a valuable member of your team. 
The Babcock & Wilcox Company, Tubular Products 
Division, Beaver Falls, Pa. 


Seamless and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges —in carbon, alloy and stainless steels and special metals. 
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(Continued from page 43) 
magnetizers. Over 100 magnets available. 
Indiana Steel Products 


1333. Phosphating 

Folder includes general discussion of 
phosphating, how it works and use of 
coatings as bonds for paint or other or- 
ganic finishes. Phosphating reference 
chart. Turco Products 


1334. Pickling Baskets 

Data on baskets for degreasing, pick- 
ling, anodizing and plating. Jelliff 
1335. Pipe 

4-page bulletin on Yoloy continuous 
weld pipe. Chemistry, properties, corro- 
= resistance. Youngstown Sheet & 
ude 


1336. Plating 

8-page brochure on test equipment for 
plating baths. Controls, anodes, cathodes, 
agitators, rectifiers. R. O. Hull 


1337. Plating 

Data and specification sheet covering 
tin plating a wide range of nonferrous 
thin strip metals. Somers Brass Co. 


1338. Potentiometers 

4-page Bulletin 1271 on small self- 
balancing electronic potentiometers and 
bridges. Bristol Co. 


1339. Powder Metallurgy 
Technical literature on high-density 
sintered metal parts. Supermet Div., 
Globe Industries 


1340. Powdered Iron 
Properties of Plast/Iron with and with- 
out copper. Plastic Metals Div. 


1341. Press 

New Bulletin 380 on powdered metal 
press. Description, operation, specifica- 
tion. Watson-Stillman Press Div. 


1342. Press 

New Bulletin No. 1200 on 50-ton multi- 
ple-motion powder metal press. Operat- 
ing characteristics, physical specifications. 
F. J. Stokes 


1343. Pressure Tubing 

New 16-page Bulletin No. TB-417 on 
pressure tubing and pipe for the process 
industries. Analysis, physical, mechanical 


and creep strength properties. Tubular 
Products Div., B & W 


1344. Quench Agitation 

32-page booklet on 1 to 500 hp. mixers, 
construction, operation, applications. Mir- 
ing Equipment Co 


1345. Quenching 

16-page booklet on modified and full 
marquenching procedures. Hardness and 
dimensional control data, cooling curves, 
case histories, Sinclair Refining Co. 


1346. Radiation Equipment 
Radiation Digest, March-April 1957, 
contains cost sheet comparing costs of 
inspection by electron or gamma-ray ir- 
radiation equipment. General Electric, 
X-Ray Dept. 


1347. Radiography 

20-page bulletin on gamma radiography. 
Jses, sources, equipment. Nuclear Sys- 
tems Div., Budd Co. 


1348. Radiography 

28-page booklet on products for indus- 
trial radiography gives exposure and 
processing data for various film used. 
DuPont, X-Ray Div. 


1349. Rare Earth Metals 


54 references to applications of rare 
earth metals in aluminum, cobalt, mag- 
nesium, nickel and other nonferrous al- 
loys. New Process Metals, Inc. 


1350. Refractories 

12-page catalog shows properties of im- 
pervious recrystallized alumina and im- 
pervious mullite. Shapes into which each 
is fabricated. Morganite, Inc. 


1351. Refractories 

24-page booklet on how refractory grain 
is produced. Chemical and physical char- 
acteristics, sizes available, applications. 
Norton 


1352. Rolling Mills 

New Catalog FRM-58 on mills for lab- 
oratory and development, wire flattening. 
Accessories. Fenn Mfg. 


1353. Rust Prevention 

Nine bulletins in one folder on rust 
prevention. Theory of corrosion. Applica- 
tions. Production Specialties 


1354. Salt Bath Furnaces 
Data on salt bath furnaces for batch 
and conveyorized work. Upton 


1355. Salt Baths 

New 76-page Catalog 117 on salt bath 
equipment and procedures. Includes new 
ceramic tile pot furnaces with removable 
submerged electrodes. Technical data, 
applications. Ajax Electric 


1356. Saws 
Catalog C-55 describes 35 models of 
metal-cutting saws. Armstrong-Blum 


BUSINESS REPLY CARD 


No Postage Stamp Necessary If Mailed In the United States 


5c POSTAGE WILL BE PAID BY— 
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CLEVELAND 3, OHIO 


1357. Sodium 
28-page booklet on using sodium in dis- 
persed form tells how dispersions are pre- 
gered end and and their advantages. 
thyl 


1358. 

24-page brochure on prism and grating 
spectrographs and related accessories. 
Design, application and characteristics of 
each instrument. Performance ranges. 
Jarrell-Ash Co. 


1359. Spectrometer 

8-page Bulletin 44 on direct reading 
spectrometers. Operation and construc- 
tion. Baird Atomic 


1360. Spring Steels 

New 8-page bulletin on tempered spring 
steels. Six physical property charts. Wal- 
lace Barnes Steel Div. 


1361. Springs 

New 16-page Catalog No. 9 on micro 
rrocessed springs of ryllium copper. 
Design recommendations, specifications. 
Instrument Specialties Co., Inc. 


1362. Stainless Steel 

Data sheet on Type 301 gives physical 
properties, corrosion and oxidation re- 
sistance, mechanical properties. Alle- 
gheny Ludlum 


1363. Stainless Steel 

20-page catalog on corrosion resistance, 
applications working characteristics 
of 20% chromium—29% nickel stainless 
steels, with and without columbium. 
Carpenter Steel 


1364. Stainless Steel 

16-page booklet on Type 430 stainless 
gives physical properties and analysis, 
corrosion resistance, fabrication, appli- 
cation and care. Washington Steel 


1365. Stainless Strip 

32-page brochure on 20 types of stain- 
less strip steel. Recommended applica- 
tions, chemical, physical and mechanical 
properties, corrosion resistance. Superior 
tee 


1366. Steel Tubing 

New catalog on seamless and electric- 
resistance welded steel tubing. Sizes, 
shapes, compositions. Ohio Seamless Tube 
1367. Steels 

New reference data sheet on tungsten- 
molybdenum high speed steel. Heat treat- 
ment, compositions, applications. Vana- 
dium Alloys Steel Co. 
1368. Sub-Zero Treatment 

12-page booklet on industrial chilling 


FIRST CLASS 
PERMIT No. 1595 
(Sec. 34.9 P.L. & R.) 


Cleveland, Ohio 


.. FINEST IN HEAT TREAT FURNACES FOR OVER 40 YEARS 


BEGINS AT 


Remember the old tomb-type furnaces with their limited cayfacities, 
packed doors, week long processing cycles? Long time ago wasn't 
it?... “King Tut”, above, dates back to 1916, in fact. 1 hen, in °22 
Holcroft developed and patented (#1,422,710) a continuous, con- 
trolled atmosphere process for short cycle malleable annealing that 
revolutionized the industry. It eliminated “Tombs”, heavy boxes, 
packing, long cycles . . . and modern annealing was “born”. Holcroft 
engineers are still leading the way by continually increasing produc- 
tion capacities . . . 


reducing cycle time . . . improving quality to new 


peaks . cutting manpower, space and fuel needs to a minimum. 


Point is, if there's a better, faster, less costly way to do a job of heat 
treating, you'll find it first in a Holcroft furnace 
time-tested fact! 


and that’s a 


AND COMPANY 


6545 EPWORTH BOULEVARD ° DETROIT 10, MICHIGAN 


CHICAGO, ILL. CLEVELAND, OHIO « HARTFORD, CONN WOUSTON TEXAS PHILA, PA, 
CANADA’ Walker Metal Products, Ltd., Windsor, Ontario 
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THE MARK OF QUALITY 


Don’t settie for less... 
get the best 
control system 


Wheeleo 
for your processing 


Instruments 


1600 2000 


There’s no need to settle for inferior performance 
or pay a premium for features your processing 
doesn’t require. Wheelco Series 400 Capacitrols, 
available in six standard control forms, let you 
choose the indicating controller ideally suited to 
your processing needs. Get the facts on their 
proved performance on a variety of installations 
requiring indicating and controlling of tempera- 
tures, voltages, current, speed, and similar vari- 
ables. 


Controls forms you can choose include: 
two-position, time-proportioning, multi-position, 
proportional-position, and “stepless” electric 
proportioning. All of them give you electronic 
“no drift” control and “plug-in” design for easy 
maintenance and service. 


Ask your nearby Wheelco field engineer for 
Bulletin F-6314. 


BARBER-COLMAN COMPANY 
Dept.F, 1518 Rock Street, Rockford, Illinois, U.S.A. 
BARBER-COLMAN of CANADA, Ltd., Dept. D, Toronto and Montreal, Canada 
Industrial Instruments ° Air Distribution Products 
Aircraft Controls ° Overdoors and Operators * Molded 
Products ° Machine Tools . Textile Machinery 
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Automatic Controls ° 
Small Motors ° 
Metal Cutting Tools ° 


equipment for shrinking, testing and 
treating of metals. Cincinnati Sub-Zero 
Products 


1369. Tester 


Bulletin No. 4 on universal tester. Ca- 
pacities, accessories. W. C. Dillon 


1370. Testing Machine 

New Bulletin No. 41 on LC type — 
machine. Dual capacity ranges of 10, 
and 1,000 lb. Can be used for com- 
ression, tensile and transverse tests. 
inius Olsen 


1371. Testing Machines 

Bulletin on Brinell hardness, ductility, 
compression, tensile, universal, trans- 
verse, hydrostatic proving instruments. 
Steel City Testing Machines 


1372. Thermocouple 


Assemblies 
New Bulletin E on _ thermocouples, 
thermowells, connection heads and fit- 
tings. Types and alloys in which they are 
available. Thermo Electric 


1373. Thermocouple Data 

New bulletin F-5228-3 on construction 
and application of thermocouples and 
radiation detectors to industrial control. 
How to check, make, select and size 
thermocouples. Wheelco 


1374. Thermocouples 

32-page file book on pyrometer acces- 
sories. Selection of thermocouple and 
protective tube. West Instrument 


1375. Titanium 

New 8-page booklet on corrosion re- 
sistance of titanium. Table of ratings of 
titanium compared with zirconium, tanta- 
lum and stainless in various mediums. 
Mallory Sharon 


1376. Titanium Powders 


_Data on high purity and commercial 
titanium powders. Hawkridge Metals 


1377. Tool and Die Steels 
26-page book on six oil and air harden- 


ing steels for high-production tools and 
dies. Uses. Bethlehem 


1378. Tool Steel 
4-page bulletin on Ry-alloy, oil-hard- 
ening tool steel. Applications, advantages, 


heat treatment and forging practice. Ry- 
erson 


1379. Tool Steels 


Soe directory of tool and die steels 

gives SAE designations with composi- 

tions, properties, forging and heat treat- 

ing data, trade names. Cannon-Muskegon 
orp. 


1380. Tool Steels 
New 44-page Stock List No. 12 is in- 


June, 1958 


dexed and includes sizes, weights, and 
analyses. Decimal conversion and hard- 
ness conversion tables. Uddeholm 


1381. Torsion Testers 

New 8-page Bulletin RT-10-54 gives 
details of construction, 
testers, torsion testers for wire. Riehle 


1382. Tubing 

New 16-page bulletin on how formed 
tubes are made. Bending and welding 
operations. Formed Tubes, Inc. 


1383. Tubing 

New 6-page Data Memorandum No. 20 
on tubing for atomic power. Uses, char- 
acteristics and size limits, applications. 
Superior Tube Co. 


1384. Tubing 

New 6-page folder on tubing applica- 
tions in nuclear power plants. Wolverine 
Tube Div. 


1385. Tubing 

New 64-page handbook on use of tube 
mills in manufacture of pipe and tube. 
Step-by-step description of the electric- 
weld process. Yoder 


1386. Tungsten 

20-page bulletin on manufacture, prop- 
erties and uses of tungsten. Flow chart of 
tungsten production. Sylvania Electric 
Products 


1387. Tungsten Alloy 

New bulletin on properties and uses of 
90% tungsten alloy, balance nickel and 
copper. Firth Sterling, Inc. 


1388. Tungsten Carbide 
Technical data and advantages of 
tungsten carbide with platinum binder 
for wear resistant and corrosion resistant 
applications. Kennametal, Inc. 


1389. Ultrasonic Inspection 
Ultrasonic Inspection Newsletter, No. 2, 
contains article on immersion inspection 
of wing spars for jet fighters. Sperry 
Products 
1390. Ultrasonics 
Data sheet on gages for thickness 
measurement, coating measurement, in- 
spection. Branson Instruments 


1391. Vacuum Coating 
Bulletin on principles, production steps, 
applications, equipment. NRC Equipment 


1392. Vacuum Furnace 

New Data Sheet 660 on a vacuum melt- 
ing furnace with melt capacity of 50 Ibs. 
F. J. Stokes 


1393. Vacuum Melting 
New bulletin on vacuum melting fur- 
naces which can be used in production 


or laboratory. Zak Machine Works 
1394. Vacuum Metallurgy 


Information memo tells of materials 
| in vacuum metallurgy. Con- 
solidated Electrodynamics, Rochester Div. 


1395. Vacuum Metals 

2l-page report on vacuum melted 
metals discusses equipment, properties of 
metals and their applications. Ajax Elec- 
trothermic Corp. 


1396. Welding Alloy Steel 

yt > Data Book 4D covers all types 
of welding of nickel alloy steels. Inter- 
national Nickel 


1397. Welding Electrodes 

New 88-page pocket-size booklet de- 
scribes characteristics, coating, sizes of 
various electrodes and compares them 
with standard designations and other 
electrode brand names. Harnischfeger 


1398. Welding Equipment 
Catalog on Cadweld process and arc- 
welding accessories. Erico Products 


1399. Welding Stainless 

New 12-page booklet—a guide to better 
welding of stainess steels. In question 
and answer form. Arcos 


1400. Woven Wire 

New 22-page catalog on woven wire 
gripper slings. Advantages, typical uses, 
technical data. Cambridge Wire Cloth 


1401. Wrought Iron 

New 16-page booklet, “The ABC's of 
Wrought Iron.” What it is, how it is made, 
fabrication, corrosion resistance, applica- 
tions. A. M. Byers Co. 


1402. X-Ray Diffraction 

New 14-page booklet “Questions and 
Answers” on X-ray diffraction, diffrac- 
tometry and spectrography. Philips Elec- 
tronics, Inc. 


1403. X-Ray Equipment 
4-page folder on X-ray viewer. Advan- 
tages and application. Philco 


1404. X-Ray 
Bulletin on X-ray films and chemicals 
for radiography. Ansco 


1405. Zine Coating 
New 8-page booklet on zinc-coated 
steel sheets. Fabrication, uses. Advan- 
tages in heating, ventilating and air 
conditioning. Weirton Steel 


1406. Zirconium 

8-page brochure on zirconium’s corro- 
sion resistant properties. Applications 
based on this property. Carborundum 
Metals Co. 
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1186 1207 1228 1249 1270 1291 
1187 1208 1229 1250 1271 1292 
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1190 1211 1232 1253 1274 1295 
1192. 1213) 1234 «1255 1276 1297 
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1313 1334 «61355 1376 1397 
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7301 


Euclid Avenue, Cleveland 3, Ohio 


Please have literature circled at the left sent te me. 


1316 1337 1358 1379 1400 Name 


1317 1338 1359 1380 1401 
1318 1339 1360 1381 1402 


1319 1340 136! 1382 1403 Title 


1320 1341 1362 1383 1404 
1321 1342 1363 1384 1405 


1322 1343 1364 1385 1406 Conpail 

1323 1344 1365 1386 
1324 1345 1366 1387 

1325 1346 1367 1388 

1326 1347 1368 1389 Address 


1327 1348 1369 1390 
1328 1349 1370 1391 
1329 1350 41371 1392 


City and State 


1330 1351 1372 1393 
1331 1352 1373 1394 


Postcard must be mailed prior to Sept. |, 1958. 
Students should write direct to manufacturers. 
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High Speed Steel 
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Gives all needed handling and 

shop treatment details on 

DBL-2. Included is certified lab- 

oratory information on physical 

characteristics, and complete 

data on forging, annealing, 
, tempering, etc. 


ADDRESS DEPT. MP-6 


JUNE 1958 


The maker of these adjustable hollow 
mills required a steel that would give top 
performance in a variety of jobs—turning, 
tapering, facing, chamfering and trepan- 
ning. After thorough testing, Allegheny 
Lediens's high speed DBL-2 was selected. 


DBL-2 is an improved general-purpose 
high speed steel. It contains tungsten, 
molybdenum and vanadium in such pro- 
portions that it excels 18-4-1 for most 
applications. DBL-2’s unusual combina- 
tion of high hardness with toughness, 
its ability to hold a fine grain over a wide 
hardening range, and the fact that it easily 
machines many diverse types of stock, 
made it particularly well suited for this job. 


In addition to these advantages, DBL-2 
can be heat treated in the same furnaces 
and atmospheres as 18-4-1 without fear 
of harmful decarburization. These DBL-2 
blades were heated to 2250 F., oil 
quenched and drawn twice at 1025 F. 
After heat treatment, blades easily ma- 
chined such stock as aluminum, stainless 
steel, carbon steel, aircraft steel, plastics, 
bronze, screw stock, cast iron and brass. 


There is an A-L tool steel to meet your 
toughest requirements. For further infor- 
mation call your A-L representative or 
distributor today, or write... . 

Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pa. 


For nearest representative, consult Yellow Section of your telephone book. 


For complete MODERN Tooling, call 


Allegheny 
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For missiles of mixers, rockets or razors—whatever your steel requirements 
—depend on Sharon for consistent quality .. . exactly to your specifications. 


Sharon makes a complete line of chrome, chrome-nickel, chrome-manganese 
stainless, spring and high carbon, high tensile, coated, silicon—or any special alloy— 
open hearth or electric furnace, of any surface pattern, including the new rolled-in designs. 


If you haven't already discovered this outstanding source 
of specialty steels, or the significance of Sharon Quality, make it a point 
to talk with a Sharon salesman at your first opportunity. 


SHARON, PENNSYLVANIA 


big name 
specialty steel: 
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Monroe 
Shock Absorbers 
rely on performance 
of YODER Tube Mills! 


After 15 years of continuous operation 
the Yoder Type-M Electric-Resistance 
Weld Tube Mill shown here, is still pro- 
ducing precision tubing for the Monroe 
Auto Equipment Co., Monroe, Michigan. 


Yoder produced tubing is the basic com- 
ponent of the famous “Monro-Matic” 
shock absorber. Measuring 2 %4” out- 
side diameter (plus several other sizes) 
the tubing is made from 22 gauge strip 
in one continuous operation ... it is 
automatically cold-roll formed, welded 
and cut to pre-determined lengths. 


This typical installation of a Yoder tube 
mill exemplifies the accuracy, depend- 
ability and production economies of 
Yoder-made tubing. If your business 
requires pipe or tubing, ferrous or non- 
ferrous, in sizes from 44” to 26” diam- 
eters, there is a Yoder mill designed 
to produce it economically, efficiently 
and accurately. 


THE YODER COMPANY 
5595 Walworth Avenue «+ Cleveland 2, Ohio 


Check into the many cost-saving 
advantages of operating a Yoder 
pipe or tube mill ... write for the 
fully-illustrated 88-page Yoder 
Tube Mill Book... yours 
for the asking. 


COLD ROLL FORMING MACHINES 


ROTARY SLITTING LINES 
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Your assurance of providing the finest 
quality Cold Work Die Steels for your 
shop is integral in every pound of our 
products. Vanadium-Alloys Die Steels fea- 
ture uniformity of quality unvarying from 
one shipment to another—uniform in struc- 
ture, uniform in response to heat treatment, 
uniformly free from defects so that your 
expensive dies are free from trouble. ® You 
can cover the maximum number of die 
applications with these three favorite steels. 
Keep them on hand in the sizes your jobs 
require—and let Vanadium-Alloys quality 
do the rest! 


that 


Ohio Die 
Lowest movement in hardening. High in strength and toughness. Outwears 


low alloy steels five to eight times. Air or oil hardening. Available in FM 
(free-machining) type also. Stocked in all warehouses. 


Air Hard 


General purpose, deep hardening, exceptional strength and toughness. 
Hardens in still air to Rockwell 65, with much lower movement than 
manganese types. Also available in FM (free-machining) type. Available 
from stock in all warehouses. 


Colonial No. G 


The best cold work die steel for general toolroom purposes—tops in 
versatility. Manganese oil hardening, specially annealed for easy machin- 
ing. Stocked in all warehouses. 


VANADIUM-ALLOYS STEEL COMPANY 


LATROBE, PENNSYLVANIA 


SUBSIDIARIES: Colonial Stee! Co. « Anchor Drawn Steel Co. Pittsburgh Tool Steel Wire Co. « Vanadium- 
Alloys Steel Canada Limited « Vanadium-Alloys Stee! Societa Italiana Per Azioni e EUROPEAN ASSOCIATES: 
Societe Commentryenne Des Aciers Fins Vanadium-Alloys (France) Nazionale Cogne Societa Italiana (Italy) 


quality into performance 


These workmen are using 
Youngstown Yoloy “‘E”’ high- 
strength steel to fabricate 

belt rails —a component of 
DF Loaders—at Evans 
Products Co. 


Youngstown Yoloy “E” high-strength steel 


Two DF* Loader-equipped railroad 
cars easily do the work of three 
standard box cars. That’s because 
DF cars (31,000 now in service) can 
be loaded to capacity—earn greater 
revenue for railroads. 


Portions of Evans DF Loaders are 
fabricated from Youngstown’s 
Yoloy “E”’ Angles and Hot-Rolled 
Yoloy Sheets by Evans Products 
Company, Plymouth, Michigan. 
All Yoloy Steels are produced to 
meet a wide range of applications, 
where high strength and corrosion- 
resistance are of prime importance. 
Wherever high strength steel 
becomes a part of things you make, 
the high standards of Youngstown 
quality, the personal touch in 
Youngstown service will help you 
create products with an “accent 
on excellence”’. 

*DF is a trademark of Evans Products Company. 


Send for free technical 
bulletin on Youngstown 
Yoloy “‘E”’ Steel. 


YOUNGSTOWN 


SHEET AND TUBE COMPANY 
Manufacturers of Carbon, Alloy and Yoloy Steel, Youngstown, Ohio 
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EXTRUSION * CASTING FORGING FABRICATION 


Ferrous, non-ferrous and titanium alloys give you 
the properties you need for positive performance. 


TRANSVERSE STRENGTH TORSIONAL FATIGUE 


MECHANICAL PROPERTIES 
EXTRUDED ASTM A-335 GRADE P11 TUBING SAE 6150 STEEL @ 10’ CYCLES 


Room Temperature — Longrtudimal and Tronsverse 


73.1 75.0 AIR MELTED VACUUM MELTED 


STRENGTH — 1000 PSI 
STRENGTH — 1000 PSI 


TENSILE ELONGATION ELONGATION NORMALLY cuRmet ROLLED CuRMET 
PROCESSED EXTRUDED EXTRUDED 


IMPACT STRENGTH ELEVATED TEMPERATURE 


CHARPY IMPACT STRENGTH OF STRESS RUPTURE CHARACTERISTICS OF 
GRADE TP 304 TUBING FORGED NIMONIC 90 


Manufoctured by vorious processes — (minus 300 F.) 21,160 PSI STRESS AT 1600°F 


102 
Ae CURMET FORGED 


CHARPY IMPACT STRENGTH (KEYHOLE) FT 
838s $8 3 8 8 8 
TIME TO RUPTURE — HOURS 


NOT SPECIFIED 
ELONGATION — REDUCTION OF AREA — % 


CuRMET PIERCED FORGED CENTRIFUGALLY CAST STRESS RUPTURE 
Lire 


ELONGATION REDUCTION OF 
EXTRUDED BORED COLD WORKED AREA 


Above are examples of physical properties resulting from CURMET Processing. 
Consult CURMET for data to meet your design problems. CURMET Processing has been 
developed by the Metals Processing Division of the Curtiss-Wright Corporation. 


FOR FULL INFORMATION, WRITE TO: 


METALS PROCESSING DIVISION KF) CURTISS-WRIGHT CORPORATION 
760 Northland Avenue i Buffalo 15, New York 


JUNE 1958 


. 
4 
: 
q 
| 
al 60 
60.8 
3 
10}— 10 
a 
STRENGTH q 
4 
q 
} 00 
q 
4 
q 
4 
4 a 
“a q 
4 
q 
: 
55 


How they’re using 
Wallace Barnes Cold-rolled Specialty Steels 


1. In Three Drawing Stations 


The part shown in illustration one was made from 
59 — .74% carbon steel in three drawing stations. From 
.70 — 80% carbon, this piece should have four or five 
drawing stations. The piece could be made from 
.90 - 1.05% carbon, but would require seven drawing 
stations with fully annealed steel. 


2. Blanked on 45° Angle 


The stamping shown in the second illustration was 
made from .70-.80% carbon spring steel. It was 
blanked and pierced on a 45° angle, with small holes 
pierced to prevent fracture in later forming and bending. 
It was then given severe secondary forming. The small 
tab shows “orange peel”’ and probable fracture would 
occur if the part were formed from .90 - 1.05% carbon. 


3. All Flanging One Operation 


Our third part is a gun stamping made from .70- 
80% carbon with a sharp bend with the grain in one 
stroke of the press. Higher carbon will fracture due to 
its less ductile qualities. 


1. Thirteen Steps Progressive 


The fastener shown in the fourth illustration was 
made from the .59 — .74% carbon steel, the only spring 
steel which would take the bends and draws to which 
it is subjected here. All the higher carbon steels were 
rejected because they failed under the cold-work neces- 
sary to produce the two small extrusions. It took seven 
reductions to bring these extrusions within tolerance. 
There were thirteen steps total in the progressive die. 


These examples show how proper steel selection may save opera- 
tions and insure satisfactory performance. Among the many sizes 
and types of Wallace Barnes cold-rolled specialty steels is the right 
one for your application. Send 

for “Physical Property Charts” 

giving tensile strength and form- 

ing properties of Wallace Barnes 

tempered steels. 


Associated Spring 
Wallace Barnes Steel Division Corporation 


Bristol, Connecticut 
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This wittely-used carbonitriding furnace of all. Day in and 
Gay gue proamenon of tons and tons of work has proved this furnace’s 
eee production quality and volume and reduce costs. It 
is @ vereatile furnace, too, not only for carbonitriding but for other uses, 
carburizing,annealing, carbon restoration and many hardening applications. 


This type of furnace is available for both manual and automatic 
operation. It can be equipped either with Lindberg’s efficient new 
vertical radiant tubes for fuel-firing or for electric heating with 
Lindberg’s revolutionary new CORRTHERM element. 


Versatile as this furnace is, we don’t claim it is the best solution to every 
carbonitriding problem. But, whatever your need may be, talk it 

over with Lindberg. Our engineers, as they have done in so many 
instances, will recommend a sound answer—design it, build it, even 
field-install it if you wish. Just get in touch with the Lindberg plant or 
the Lindberg Field Representative in your locality. Lindberg 


Engineering Company, 2448 West Hubbard St., Chicago 12, Illinois. 


goles Plant: 11937 S. Regentview Ave., at Downey, California. 


the work-horse 
' for Many a carbonitriding job 
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heat for industry 


spring 
life 
ever/asting... 


NILCOR* 
ALLOY! 


Nilcor alloy is not a steel! 
It is truly unique. It is be- 
lieved to have no equal, for 
example, for continuous life 
in miniature springs. Fur- 
ther, it is non-magnetic and 
far outdistances steel or any 
known alloy in resistance to 
“set’’, fatigue and corrosion 

..even at high tempera- 
tures. 

Major use to date is for 
non-breakable power springs 
in fine watches. But more 
and more Nilcor alloy is and 
will be furnished for the most 
critical requirements in in- 
strumentation, control de- 
vices and equipment of many 
types . . . wherever extreme 
spring life and precise be- 
havior are vital. 

Perhaps National-Stand- 
ard Nilcor alloy holds prom- 
ise for some of your needs. 
We shall certainly be glad 
to cooperate all the way in 
helping you find out. Just 
check with our Athenia Steel 
Div., Clifton, New Jersey. 


*Trade Mark National - Standard Co. 


STANDARD 


DIVISIONS: NATIONAL - STANDARD, Niles, Mich.; tire wire. stainiess. music spring and plated wires +> WORCESTER WIRE WORKS, Worcester, Mass.; music spring. stainless and plated wires. high and low carbon specianies 


v NM. J: metal decorating equipment + ATHENIA STEEL, Clifton, N. J.; “el, high carbon spring steels + REYNOLDS WIRE, Dixon, industria! wire cloth 
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help, ana alert pump. manufacturer 


af 


but part costs 19% 


By making a one-piece rotor and drive shaft 
from a single VALFORGING, a manufacturer 
of pumps will be able to reduce his cost per 
pump more than 26 cents a unit. 


A Thompson VALFORGING is a hot- 
extruded steel forging whose head-to-shaft- 
diameter ratio is at least 1% ...a large head 
on a smaller shaft. Continuous grain flow at 
the neck provides higher strength at high 
stress points. Simple head features can also 
be coin-pressed into VALFORGINGS to elimi- 


nate several costly machining operations. 

If you now make parts of this type by 
turning down overlarge rough forgings or 
expensive bar stock, you are generating high- 
cost scrap on high-burden machines with 
high-priced machinists. A VALFORGING 
comes to you forged to shape in any grade 
of steel you require. 

Let us show you how VALFORGINGS can 
be made in sizes up to 5” in head diameter, 
12” shaft length. Write to the address below. 


| 
— 
Aa 
alve Divisi 
diVE VIVISION 7 
ompson Products, Inc. 
2 DEPT. MP-658 + 1455 EAST 165th STREET + CLEVELAND 10, OHIO © 1%68 
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Foxboro Dew Point Control on C. l. Hayes Hardening 
Furnace at W. H. Nichols Company. Waltham, Mass. 
Gears and other parts used in the production of 
Nichols’ rayon and nylon pumps are treated in this 


furnace at temperatures of approximately 2250°F. 
Foxboro Control Valve at right of controller precisely 
regulates flow of propane gas to furnace ... holds 
furnace moisture at pre-set value. 


..-FOXBORO Dew Point Control 


It's a cinch to maintain proper moisture conditions 
in any atmosphere furnace equipped with Foxboro 
Dew Point Control. This advanced control system 
is the easiest to operate — easiest to maintain. Here's 
how it works... 

The unique Foxboro Dewcel* element continuously 
“senses” the dew point of a running sample of the 
furnace gas. The Foxboro Controller continuously 
records this value and automatically regulates the 
generator or corrective device for optimum moisture 
content at all times. The only maintenance this 
system requires is occasional rinsing and “re-wetting” 
of the Dewcel element! 

Foxboro Dew Point Control is available for meas- 


urement and control of dew point as low as —30°F 
dew point, and up to +-142°F dew point. It provides 
positive protection against decarb, etching, scaling, 
and carbon deposit caused by incorrect atmosphere. 
For better production of a better product in your 
heat treat, get full details on Foxboro Dew Point 
Control. Write The Foxboro Company 526 Neponset 


Ave., Foxboro, Mass., U. S. A. *Reg. U. S. Pat. Ott. 


OXBOR 


REG. U.S. PAT OFF. 
CONTROLS for the METALS INDUSTRIES 
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The above is a partial view of the two continuous galvanizing lines at the Martins Ferry, Ohio, plant of WHEELING STEEL CORPORATION. 
Both lines use AJAX 60 cycle induction galvanizing furnaces and zinc premelt furnaces. The main galvanizing furnace shown holds 
175 tons of zinc, is rated 2000 kw, and produces over 40 tons per hour at speeds in excess of 300 feet per minute. These continuous 


galvanizing lines produce WHEELING’s patented SOFTITE sheet. 


60 Cycle induction galvanizing 


has progressed from small beginnings a few years ago toa 


present capacity of wellover ONE million tons per year. 


Here is an entirely new approach to an old art: 


A refractory lined hearth in place of the iron kettle eliminates kettle 
replacement and iron pickup, drastically reduces dross formation. 


Temperature control is precise, lag free, holds the melt at ideal 
galvanizing temperature at all times. 
+. Gentle electromagnetic circulation facilitates alloy additions, keeps 


alloy uniform throughout the melt. 


Clean and cool working conditions for hand dipping or continuous operations. 


All these factors help to produce a galvanized coating of consistent superior quality 
and to attain high production at lowest unit costs. 


MAY WE HAVE YOUR INQUIRY? 


60 CYCLE INDUCTION MELTING 


ENGINEERING CORPORATION 


TRENTON 7, NEW JERSEY 
Associated Companies: Ajax Electrothermic Corporation Ajox Electric Company 
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® ...produces the first alloys 


with really predictable 
performance right 
through the core 


Until now, it’s never been possible to look at an alloy using patented Carpenter-developed equipment supple- 
bar and be sure its center is sound and tough. Some- mented by the most modern equipment and methods 
times centerline weakness won't show even in a cross commercially available. Mel-Trol is a part of the steel- 
section. But it will show in rejects, breakage, rapid making process from scrap selection through final 
wear. The swaging die illustrated is just one example. preparation of stock shapes. 


Carpenter Mel-Trol alloys are the answer to problems 
involving core quality. They provide greater free- 
dom from segregation, porosity and center separation. 
Carpenter’s exclusive Mel-Trol process is the reason. 


There’s a Carpenter service representative near you 
who'll be glad to show vou how Mel-Trol alloys are 
ending reject problems, producing improved tools and 
parts for many famous metalworking companies. You 
Mel-Trol is an integrated system of quality controls can do the same. Call him today. 


[arpente ier ‘ 


The Carpenter Steel Company, 183 W. Bern St., Reading, Pa. 
Export Dept.: The Carpenter Steel Co., Port Washington, N. Y.—“‘carstEr1.co” 


Pioneering in improved specialty steels through continuing research 
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TIPPING THE BALANCE IN YOUR FAVOR 


New Olds-developed machine 
makes wheel balancing three 


times more accurate! 


Out-of-balance wheels and tires are 
not only a source of annoyance and 
tire wear, but also in extreme cases, 
a detriment to safety by causing ex- 
cessive shimmy at higher speeds. 


To virtually eliminate this problem, 
Oldsmobile engineers, in conjunction 
with the General Motors Research 
Section, have developed a machine 
that automatically balances every 
wheel and tire with a degree of pre- 


OLDSMOBILE > 


JUNE 1958 


cision not previously possible on a 
production basis. With this equip- 
ment, balancing is now accurate to 
2 inch-ounces, or approximately three 
times more precise than before. 


The heart of such accuracy is an auto- 
matic electronic computing device. 
After the tire and wheel are located 
on a delicate sensing table, supported 
on an air bearing, four differential 
transformers signal the out-of-bal- 
ance to an electronic computor. This 
computor then resolves the vector 
forces and a signal of the proper mag- 
nitude and direction is transmitted 
to the stamping head which automati- 


cally revolves to the correct location 
on the wheel. The stamping head then 
prints the correct weight, accurate to 
.25 ounce. The entire assembly is 
then moved to a station where the 
weights are attached. 


It has often been said that “Olds 
really knows how to put a car to- 
gether.” This reputation grew from 
a sincere concern for just such little- 
noticed details. A warm welcome 
awaits you at your Olds dealer's. He in- 
vites you to try a °58 Olds on the road. 


OLOSMOBILE 
GENERAL 


Diviston 
MOTORS 


Pioneer in Progressive Engineering 
...Famous tor Quality Manufacturing 
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This special Ryerson saw assures square, parallel cuts and smooth edges on stainless plate ... width and length tolerances + 1/32” 


The plus you get when it’s stainless from Ryerson 


WIDEST SELECTION — No other source comes close 
to offering a comparable range of stainless types, 
shapes and sizes—so you can always get exactly 
what you need. 


UNIQUE SERVICE—Big-capacity abrasive saw as- 
sures the ultimate in cutting accuracy . . . and shear- 
ing, hack-sawing and flame-cutting facilities also 
meet exacting requirements. 

EXPERT TECHNICAL HELP — Ryerson specialists are 
always ready to work with you on any problem of 
stainless selection and fabrication. 


No wonder more people buy more stainless from 


Skilled operators and perfected techniques enable Ryerson to flame-cut 
Ryerson than from anybody else. special shapes and heavy plate to an exceptional degree of accuracy. 


es) RYERSON STEEL 


Member of the Stee! Family 


Principal Products: Carbon, alloy and stainless steel —tubing, bars, structurals, plates, sheets —aluminum, industrial plastics, metalworking machinery, etc. 
JOSEPH T. RYERSON & SON, INC. PLANTS AT: NEW YORK - BOSTON - WALLINGFORD, CONN. - PHILADELPHIA - CHARLOTTE - CINCINNATI » CLEVELAND 
DETROIT PITTSBURGH BUFFALO INDIANAPOLIS - CHICAGO - MILWAUKEE ST. LOUIS - LOS ANGELES - SAN FRANCISCO SPOKANE - SEATTLE 
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William Hunt Eisenman “FA 


1886-1958 
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It is with heavy heart that these lines are written, recording the sudden 
death on May 30 of William Eisenman, the life-long Secretary of the American 
Society for Metals. It is even with a sense of unbelief — unbelief that his 
dynamic personality will no longer be with us. But when this shock subsides, 
we will know that he in fact remains with us, for the American Society for 
Metals will continue to grow along the lines he mapped. His whole life was 
the American Society for Metals. He has achieved immortality in a very real 
way; he started 40 years ago with what was little more than an idea; this 
idea became an ideal to work toward; this ideal will continue to draw the best 
efforts of many men and women as long as we can foresee. His memorial is a 
living thing, a growing thing. 

The life story of William Hunt Eisenman has been told elsewhere, and will 
be told again. He was blessed by a rugged constitution which carried him 
through a working life which would have exhausted two strong men. Very, 
very seldom, if ever, did he let his private fatigues show in his »ersonal rela- 
tionships. He always had a hearty, welcoming smile. Best ot all, he always 
meant it; there was no sham about Bill. 

You could not imagine a closer identification between man and work than 
existed between Bill and the A.S.M. There is a story that when he heard of 
the first resignation from the American Steel Treaters Society (as it was called 
in 1917 in Chicago), he got on a trolley car and hunted up the recalcitrant to 
find out what was wrong with the Society. It is a story that must be true, 
for it is completely in character. Else why should he spend half his time, 
year after year, visiting the chapters from Boston to San Diego, and from 
Vancouver to Jacksonville, spending the days with executive committees and 
the evenings at the chapter meetings? Everyone who has taken any part in 
Society affairs knows of his intense personal interest in the local problems and 
how the national office might help. 


It would be superfluous to tell of the many things the American Society for 
Metals has done under his direction, of the plans already laid and well under 
way for the tremendous role which the Society must play in America’s future. 
He gave of himself unstintingly that these ideals might be achieved. May 
all of us derive inspiration from the life of a real man, a good American and 
a staunch Christian. 


Rest in Peace 


— 

A 

‘i 

ae 

> 
3 


Critical Points 


1 HE CONFUSION which exists between mass 
production and “automation” (God save the 
word) seems to have spread up to President 
Eisenhower. In a recent televised conference he 
compared the vanished artisan, who took pride 
in making a better wheelbarrow than ever before, 
with the machine-tender of today, who continu- 
ally feeds pieces of metal into a shear. But 
machine-te nding is not “automation”, as he 
called it. Real automatic preduction would 
start with a coil of wide strip at one end of a 
machine line and complete wheelbarrows would 
roll out the other. 

This difference between mass production and 
automatic production is quite ey ident to a visi- 
tor at the Flint, Mich., plant of AC Spark Plug 
Div. of General Motors. Arthur Tinetti, plant 
metallurgist, was showing me a battery of die- 
casting machines, Now die casting is certainly 
a method for mass production, and there were 
plenty of the machines operating at a good clip, 

each with its own machine tender. In the de- 
partment was a pair of really automatic ones, 
operating at a speed limited principally by the 
heat-transfer process, for knockout and lubrica- 
tion were part of the machine cycle. Simple 
mechanisms replaced the operator. 

That's more like automation. Hot metal comes 
m as needed from a melting pot; finished cast- 
ings go away on a belt conveyer. It wouldn't 
be too difficult to transfer the hot castings to a 
trimmer, and deliver castings on one conveyer, 
flash and sprue scrap on another. 

There are many such places in the plant at 
Flint where operations — especially 
operations — are 


assembly 


mechanized. An automatic 


line of this sort can obviously be economic only 
when the output runs into almost astronomical 
Another factor which is not so obvi- 
ous is that the inspection and tolerances on 
each individual part must be closer. 
by hand is in itself a 


numbers. 


Assembly 
rather high quality of 
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Spark Plugs and Die Castings 


the skilled 


recognizes 


100% inspection; 


assembly girl in- 
infinitesimal differences 
and discards the suspicious pieces. Not so the 
machine; the only thing it can do is stop if a 
badly misshapen part gets in the way. 
(Metallurgical Note: In the magnesium de- 
partment, the cold chamber process is preferred. 
Pistons and other submerged parts on the hot 
machines erode rapidly in the molten alloy and 
lose their 


stinctively 


fit— even when surfaced with Car- 
boloy or other cermet.) 

Karl Schwartzwalder, director of research, 
showed me the ceramic end of spark plug manu- 
facture. The insulators look like glazed china 
sleeves. Alumina comes in by the car load; it is 
of a purer grade than ordinarily used for reduc- 
tion to aluminum because it is refined of last 
traces of sodium. Particle size is carefully con- 
trolled by regrinding in ball mills (sintered alu- 
mina balls and liners, to prevent contamination). 
Particles are coated with organic binders by 
mixing with a water solution into a creamy 
“slip”, and then evaporating the water. Pressing 
the dry powder into the sleeve-like shapes is 
done on automatic presses; accuracy is essential 
for there is a 35% shrinkage on firing — in fact, 
exacting care with infinite detail is the result 
of 50 years of study. 


Future Scientists 


While at Flint, I acted as one of the team of 
judges of the annual Flint Science Fair. Gram- 
mar school pupils, junior high schoolers, and 
senior high schoolers of the city and county 
submitted nearly a thousand exhibits, each one 
a student project intended to show some scien- 
tific principle, laboratory procedure or indus- 
trial operation. Just to exhibit them required 
one auditorium and one gymnasium. Just to 
mount them required a hundred men, working 
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until midnight. Just to judge them required all 
day for another hundred. 

The work of the high schoolers was enough to 
open your eyes. One girl tried to find out why 
her bobby socks stretched out of shape so 
rapidly; suspecting it had to do with laundering 
she devised and carried through a series of con- 
trolled experiments which would have done 
credit to the Bendix laboratory staff. One boy 
had made a stroboscope which worked; another 
had a model which illustrated interference of 
light waves by setting up various waves in a 
shallow water container; a third had a tape- 
recorded lecture on the thermonuclear reaction 
nicely synchronized with illuminated models. 

Russians, look out; we've got a new crop of 
scientists and engineers growing up! 


What Price Titanium ? 


Tu: Eprror was welcomed at Pratt & Whit- 
ney Aircraft in East Hartford and in a day-long 
inspection of the entire factory got some idea 
of the unusual operations necessary for handling 
titanium. For example, welding is done in what 
the atomic scientists call “glove boxes” or rather 
“glove bags” of transparent plastic; the work and 
tools are manipulated by the workman's hands 
inserted into built-in gloves. This bag, originally 
collapsed, is flushed and filled with argon to pre- 
vent contaminating the hot metal with atmos- 
pheric oxygen or nitrogen. Unfortunately, too 
many of the joints were below standard, even 
though procedures seemed to be correct. Some- 
one mentioned the possibility of air infiltration, so 
now an incandescent lamp (without the usual 
protective glass bulb) lights up inside the 
bag. If the filament burns out, welding stops, 


for it is a sign there's too much oxygen there. 

Pratt & Whitney Aircraft uses more than half 
the entire American production of titanium 
alloys in the compressor end of two of its 


advanced jet engines. About 3200 Ib. of mill 
shapes work down into 675 Ib. of parts for the 
J-75 engine for supersonic fighters, and 3000 Ib. 
of mill shapes make 570 Ib. of parts for the J-57 
(Series C), eight of which power each inter- 
continental B-52 bomber. While this shrinkage 
(5 into 1) seems exceedingly large, the corre- 
sponding parts of the mostly-steel J-57 version 
weigh 870 lb. and are derived from 4380 Ib. of 
mill shapes. The ratio of shrinkage, 5 to 1, is 
the same, but unfortunately titanium scrap at 
present is comparatively worthless. 
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One can readily see that the “stretch-out” in 
the B-52 production program in mid-1957 really 
slowed down the titanium industry, plus the 
decision to use an all-steel version of the J-57 
engine on the four-engine tankers being built. 
While it is worth almost anything to save weight 
on a supersonic bomber or fighter, else the craft 
might fail in its mission, a work horse of shorter 
range is another thing. 

The way the cost of highly elaborated metal 
parts pyramids is uncanny. Titanium is no ex- 
ception to steel or aluminum in structure or to 
nonferrous metals in gadgetry — only you start 
off with a higher base price of the raw material. 
For example, much has been made of the fact 
that while Grade A sponge was quoted at $5 
per lb. in 1951, it is now $2.05, but hot rolled 
bars of commercial titanium still cost $6 and 
alloy forgings $12 per Ib. — in fact, alloy sheet of 
aircraft quality may cost as much as $15. 

Since there is a 5 to 1 shrinkage on the average 
from the mill to the engine, the titanium alloy 
parts therefore cost from $50 to $75 per lb. 
for raw material alone, depending on whether 
they are made from bar or sheet. Even when 
you add the shop costs of fabrication, sometimes 
using such specialized operations as noted above 
for welding, it is rather surprising to read in a 
1957 staff study to the Materials Advisory Board 
that the steel version of the J-57, weighing 300 Ib. 
more than the one using titanium, costs about 
$100,000 less. It apparently was costing about 
$300 to save a pound of weight in a powerful 
aircraft engine by using titanium. 

Even so, the people at Pratt & Whitney do not 
seem to be at all discouraged. They know that 
their J-57 engine leads the field in thrust-weight 
characteristics. The present low demand for 
mill products and high production capacity is 
certain to bring down titanium prices. The 
chances are good that the production of the 
intercontinental B-52 bomber will be stepped up 
in the near future. There will be at least one 
more “generation” of long-range bombers and 
Mach-3 fighters before missiles take over Amer- 
ican defenses in the air (if they ever do), and 
these aircraft will have to have something at 
least as good as the J-57 engine with titanium 
(and probably use a titanium skin on the front 
half of fuselage as well). An additional fact: 
each of the new jet planes for civilian passenger 
service to be delivered by four American build- 
ers in 1959 and 1960 will use from 1000 to 1500 
lb. of titanium in the hot spots of the structure. 

Chins up! T. 
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Heat Treating of Roller Bearings 
Is Geared to Automatic Production 


By LEO H. EVERITT and O. E. CULLEN* 


Timken has unveiled its Bucyrus, Ohio, plant which has an annual capacity 


of 27,000,000 roller bearings. (The Russians recently 

boasted of a plant producing 1,500,000 roller bearings a year.) 
Production is completely automatic from machining through heat treating 
to packaging. Much of the success is credited to the push-button 
heat treat operation of five lines, using 22 furnaces 

for carburizing, hardening and tempering the bearing components. 
Here are some good ideas for other manufacturers who need 

a heat treat operation for a straight-line method of mass production, 


A piant which could make most of the 
roller bearings for the entire automotive industry 
operates without human hands touching the 
product in any of the operations. 

The Bucyrus, Ohio, plant of Timken Roller 
Bearing Co. produces 33 million cups and 27 
million cones per year without approaching its 
designed capacity. These range from small 
bearings with 134-in. O.D. to larger ones up 
to 43g in. O.D. From the time the tube stock is 
placed in the storage rack, which feeds the 
single-spindle or multiple-spindle automatic 
machines, to the packaging operation, the bear- 
ing components are handled automatically. 

Much of the success of the Bucyrus plant is 
credited to a push-button heat treat operation. 
It consists of five furnace lines, totaling 22 
furnaces, which form the center of a totally 
automatic production line. All furnaces, genera- 
tors and conveyers were built and installed by 
Surtace Combustion Corp. working with Tim- 
ken’s engineers. 


General Layout for Heat Treating 


Two departments, separately operated, per- 
form a complete heat treating operation. One 
turns out cups — the outside race of the bearing. 
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(J26, J28, J29, T7d, 18-74, 1-52) 


The other makes cones —the inside race. Be- 
cause these bearings are made from S.A.E. 4620, 
a low-carbon, low-alloy, carburizing steel, heat 
treating is a key factor in production. Timken 
has integrated a separate heat treating setup into 
each of its departments which functions much 
like a huge gear in a production machine. Cups 
are treated in a four-line setup ( Fig. 1), totaling 
13 furnaces. Cones are treated in a three-line 
set-up (Fig. 2) which uses 9 furnaces. 


Cup Lines 


One line (No. 1 in Fig. 1) treats only the 
smaller cups which are not subject to distortion, 
outside of narrow limits. It uses a double- 
retort carburizing furnace, a single-retort harden- 
ing furnace and a single, perforated drum draw 
furnace of the recirculating air type. 

Another line (No. 2 in Fig. 1) treats cups of 
intermediate sizes, which present distortion and 
size problems. This requires press quenching. 
To permit flexibility in size range, the line is set 
up in single-furnace style, but by using double 


*Mr. Everitt is heat treating specialist, Timken 
Roller Bearing Co., Canton, Ohio, and Mr. Cullen 
is chief metallurgist, Surface Combustion Corp., 
Toledo, Ohio. 
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Fig. 1—Schematic Layout 
of Automatic Line for Heat 
Treating Cups (the Outside 
Race of Bearings) at the 
Bucyrus, Ohio, Plant of Tim- 
ken Roller Bearing Co. To 
permit flexibility in size 
range, lines are set up in 
single-furnace style, but by 
using double retorts in the 


Air Draw 
Furnace 


Carburizing 
Furnace 


Hydraulic 


furnaces, each line acts as 
two lines. Line 1 treats 


Power Unit 


Carburizing 
Furnace 


Hydraulic 
Power Unit 


only smaller size cups which 
are not subject to distor- 
tion. Lines 2, 3, and 4 use 
an automatic press quench 


Air Draw 


Wash Tank Furnace 


Quench 


Hardeni 
Wath Tank "Furnace. 
Carburizing 7 


Furnace 


retorts in the single-furnaces, it acts as two lines. 
This is accomplished by using one carburizing 
furnace with two revolving retorts, each being 
serviced by a separate conveyer. 

Two pusher-type hardening furnaces with 
eight alloy rails do the heating for hardening. 
Cups are quenched in two separate presses. 
From the press quench, parts travel separately 
to a double revolving drum draw furnace. 

The remaining two furnace lines (No. 3 and 
4 in Fig. 1) are used to quench the larger sizes. 
Each of these has a double revolving retort 
carburizing furnace, an eight-rail reheat furnace 
for hardening, a four-plug quench press and a 
single revolving drum draw furnace. 


Cone Lines 


Two of the three cone lines (No. 1 and 2 in 
Fig. 2) use double revolving retorts in each of 
the carburizing and reheating furnaces. Again, 
the dual retorts double the heating chamber 
capacity. The draw furnaces are equipped with 
double perforated revolving drums. Dual con- 
veyers permit each line to run two cycles of work 
simultaneously and thus operate as two separate 
heat treating lines. The third cone line (No. 3 
in Fig. 2) uses single revolving retorts in the 
carburizing and reheating furnaces and a single 
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Air Draw 


Wash Tonk Furnace 


revolving drum in the draw furnace. All of the 
lines use perforated drum conveyers to transfer 
the parts from one operation to another. Spray 
washers, also of the perforated drum type, are 
used to clean the parts after each of the quench- 
ing operations. 

Gas carburizing is used throughout. Three 
Surface RX gas generators are used in each of 
the two departments. Total capacity of each 
bank of three is 7200 cu.ft. per hr. Gas is piped 
to each of the carburizing and reheating furnaces 
from a central point. Atmosphere control gives 
a product which is completely free of scale. 

Metallurgical control is simple and depend- 
able. The operators break a hardened bearing 
component from each line every half-hour. 
These are polished, then etched for case depth. 
An additional check is made to determine car- 
bon level at the depth specified for the com- 
ponent being treated. This is done by the M, 
case depth method which is based on quenching 
the cone or cup from the austenitizing tempera- 
ture into a salt bath held at a suitable tempera- 
ture to transform 0.50% carbon and under. The 
carbon level is determined by the depth of hard- 
ness. This method of testing and checking by 
the operator, right at the furnace location, is 
fast and assures that all heat treating factors are 
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of constant quality level. Once a week a sample 
from each line is sent to Tirken’s main metallur- 
gical laboratory for a complete chemical, physi- 
cal and metallographic analysis. 
Automatic Controls Are Interlocked 

A significant feature of the 
treating lines is their simplicity of control. Most 
of the controls are of the Micro 
Switch type; some instances, photo-electric 


Bucyrus heat 
automatic 


Each of the units in a line is inter- 
locked by safety switches and synchronized. 
Additional warning and automatic kickout 
switches provide safety for individual machines. 


eves are used. 


Micro Switches and other mechanical control 
devices have been installed in a way to be free 
of vibration failure and so they will absorb heavy 
shock without damage. Failure of this type of 
equipme nt is usually due to wear, which occurs 
slowly and over a long period of time, thus per- 
mitting replacement of worn parts or assemblies 
before complete failure occurs. 


Storage Bins Equalize Production 


or cones which have been 
finished-machined are received in storage bins — 
an integral part of the automatic system. The 
bins are located at the head of each heat treat- 
ing line. 


Bearing cups 


Similar storage receptacles are located 
at the discharge end of the heat treating lines. 
Their purpose is to hold material heat treated 
over the weekend while the rest of the line is 
not operating. 


The roughing and finishing operations work 
a five-day week, but it is more economical to 


Carburizing 


Wash Tank 


operate heat facilities 
Therefore, roughing and finishing production is 


geared to produce more than the heat treating 


treating continuously. 


furnaces can handle. The machined components 
gradually build up in the storage bins during the 
five-day week for heat treating on Saturday and 
Sunday. By the 
ponents are stored for production in the finish- 


same token, heat treated com- 


ing section of the bearing lines during the fol- 
This allows for 
change-over of sizes in a gradual manner so that 


lowing week. feature also 


there is never a need to stop the entire line. 
Automatic Indexing 


Machined cups are fed from the bins to a 
horizontal conveyer. The feeding rate is con- 
trolled by a photo-electric eye. A feeder con- 
veys them to an elevator, one cup at a time. 
As they reach the top of the conveyer, they roll 
into a cage-type gravity chute. Here, the cups 
assume an upright position and roll toward an 
indexing feeder which alternately places a cup 
in each of two chutes leading into the revolving 
retorts in the carburizing furnace. Indexing is 
controlled by the cups actuating a Micro Switch 
as they roll toward the indexing device. 


Time Clock Alternately Reverses Retorts 


Both cups and cones are carburized to a depth 
of 0.030 to 0.046 in., depending on the part. 
This is done by heating at 1710° F. for 5'2 to 
8 hr. Furnace time is controlled by reversing 
the retorts at predetermined intervals, which are 
regulated by time clock settings. 

The retorts have a single, built-in spiral device; 


Hardening 
Furnace 


Furnace 


Carburizing | 
Furnace 


Fig. 2—Two of the Three 


Cone (Inside Race of the 
Bearings) Lines Use Double 
Revolving Retorts in Each 
of the Carburizing and 


Reheating Furnaces. Dual ye 
Carburizing 
Furnace 


conveyers permit these lines 
to operate as two separate 


heat treating 


operations 3 
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Fig. 3 — One Line of the Cone Heat Treating Section. Carburizing 
and hardening furnaces are heated with suction radiant tubes 


Fig. 4— Double Revolving Retorts Provide the Flexibility of Two Separate Lines. Each retort 


can treat a different part at the same time. Lower first cost and cheaper operation are realized 
from this type of heat treating line. Furnaces are fed from production stabilizing storage bins 
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Fig. 5 — This Feeding Chute From One of the In-Process Storage Bins Automati- 
cally Meters Cups to an Indexing Device, Which Alternately Feeds First One Re- 


tort and Then the Other. 


thus, by alternately revolving the retort slightly 
more in the forward direction than the reverse, 
the parts move forward at a speed to allow the 
furnace time needed to get the required case 
depth. This also keeps the parts continually in 
motion, which adds to case uniformity. 

Timken holds the surface carbon level at 1% 
to give the best bearing life. This is done by 
using RX generator gas at a dew point of 10 to 
25” F. as a carrier gas. A measured amount of 
natural gas is added to give the carbon potential 
for the required carbon level. Cups and cones 
can be treated at rates of 500 to 1100 per hr. 
depending on their size and weight. 


Cups Are Oriented for Quenching 


Parts drop from the carburizing furnaces into 
a quench tank. They are picked up by a rotary 
drum conveyer and carried through a spray 
washer which removes quenching oil. The cups 
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Micro Switches (top center) control the indexing device 


are then automatically delivered to an orienting 
device which insures that the front face of each 
cup is in an “up” position. A vertical elevator 
lifts the cups to a feeder mechanism where they 
are dropped alternately, four at a time, into four 
of eight tracks leading into the hardening 
furnace. Pushers alternately move four cups 
out of the furnace into recesses in the platen of 
a hydraulic press. 


The press automatically lowers four plugs into 


the cups. A split second before the plug makes 
final contact with the cup, quenching oil (flow- 
ing at 200 gal. per min.) floods the cup. The 
plug is held rigidly to size which prevents dis- 
tortion of the cups and keeps them at a uni- 
formly close size. The quench time varies from 
5 to 25 sec., depending on the cup size. After the 
plug quench, the press rises and the cups are 
automatically pushed into a tank for an addi- 
tional quench ef 7 min. 
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The quench press is a double-action unit. The 
main ram delivers a pressure of 800 psi. The 
ram moves a crosshead into which are fitted four 
cylinders holding the four plugs. The plugs first 
make contact with the cups, then the main ram 
takes up the slack in the plug cylinders and 
applies the full pressure. 

The main housing and the plug cylinders are 
interlocked by Micro Switches in such a manner 
that should any single plug make contact with 
a cup before the rest of the plugs, the main 
cylinder will reverse itself and will not return 
until it has been reset manually. This prevents 
any mishaps should a cup not be in the exact 
quenching position. 


Tempering 


After the final quench, cups are removed by a 
rotary drum conveyer and transferred to a rotary 
From the 
washer, the cups are passed to the tempering 
furnace where final hardness is attained. An 
inclined elevator conveys the cups to storage 
bins for the final finishing operations. 


drum spray washer to remove oil. 


All bearing components require the same 
hardness and carbon level, which means that 
temperatures are the same for each set of 
operations. Carburizing is at 1710° F. 
surface carbon held to 1.00%. All carburized 
parts are oil quenched and develop a hardness 
of Rockwell C-65. Parts are reheated to 1510° F. 
and either drop quenched or press quenched as 
required. As-quenched hardness is C-62 to 64. 
Tempering is at 350° F., to give a hardness of 
C-58 to 62. 


with 


Auxiliary Equipment 


Quenching oil is recirculated from a central 
system housed in the basement of the heat 
treating department. Oil is pumped from the 
main storage tank (located outside the building ) 
through filters and heat exchangers which keep 
it at 110° F. It is pumped to all of the quench 
tanks (bearings which operate the revolving 
retorts are also cooled by this oil system) and 
constantly reflows back into the system. The 
overflow of oil returns to the main storage tank 
outside. 


Fig. 6 — Perforated Drum Conveyers Transfer Work From the Carbur- 
izing Quench Through the Washers Into the Hardening Furnaces. This 
type of conveyer gives good oil drainage and has a wide load range 
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Fig. 7—Cups Are Plug 
Quenched to Maintain I.D. 
and to Minimize Distor- 
tion. The automatic press 
shown above quenches four 
cups every 5 to 25 sec., de- 
pending on their size. The 
double-action press is protect- 
ed by safety devices against 
any misalignment of cups 


Temperatures are controlled by Leeds and 
Northrup round-chart recording controllers. 
They are banked at central locations in each of 
the two heat treating departments. Round-chart 
type instruments are used to facilitate the keep- 
ing of daily records. Temperature control instru- 
ments are integrated into the same panelboard 
with the main control switches for each line. 


Tool Life Is Increased 


In addition to the high production achieved 
by this heat treating setup, other advantages 
have been gained. Hardening plug life has 
increased from 1000 pieces per grind in an older 
plant to 22,000 to 60,000 per grind, in the various 
sizes of cups. This is due to the more consistent 
size of the green parts and to the cleaner surface 
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More uni- 
form carburizing and better size control in 
machining and heat treating have cut minimum 
grinding stock from 0.005 in. in a previous setup 
to 0.0025 in. 


Life of furnaces has been greatly extended due 


of parts coming from the furnaces. 


to the elimination of cyclic cooling and heating. 
Complete elimination of floor-type handling, such 
as trucks and overhead cranes, has lessened 
housekeeping problems to the point where the 
heat treating department has reached a cleanli- 
ness level comparable to that of the laboratory. 
The working force in heat treating consists of 
five attendants on each of three 8-hr. turns. 
Their responsibilities include sampling, testing, 
watching warning lights, and monitoring the 
control instruments. S 
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PH Stainless for Hot Airframes 


By R. W. WHITE* 


Thermal problems of airframes which arise from aerodynamic and 

engine heating are becoming more severe. Sheet materials 

getting the most consideration for applications in 

skins and subsurface components are precipitation hardening stainless steels 
and titanium alloys. Use of PH stainless 

in aircraft and missile structures is increasing and the future is expected 

to bring many more applications. Ease of fabrication is a big point 


in their favor. 


Even THOUGH the exact speeds of our ad- 
vanced airplanes and missiles are a military 
secret, the ever-increasing thermal problems 
which arise from aerodynamic and engine heat- 
ing are well known. At high service tempera- 
tures the strength of structural materials is 
reduced; this complicates their selection. 

The high-strength low-density materials, such 
as aluminum and magnesium-based alloys, are 
restricted in maximum temperatures at which 
they have useful load-carrying abilities. Maxi- 
mum service temperature for aluminum alloys 


*Lead Structure Materials Engineer, Chance 
Vought Aircraft, Inc., Dallas, Tex. Adapted from 
a paper presented at a Symposium on Sheet Metals 
for High-Temperature Service held at the South- 
western Metal Congress, Dallas, May 12, 1958. 


(T24a, 17-57, J27; 


SS, 4-53) 


is in the 300 to 400° F. range, while that for 
Thus, 
for many airframe applications where elevated 
temperatures are encountered, the aircraft and 
missile manufacturers have other 
metals, 

Sheet materials receiving major consideration 
for such applications as skin and substructure 
components are titanium alloys and precipitation 
hardening stainless steel. Other sheet material 
which could be given reasonable consideration 
for high-speed aircraft structures include low- 
alloy hardenable steels; standard chromium- 
nickel stainless steels; martensitic stainless steels; 
hot work toolsteels; superalloys and some of the 
more exotic alloys. Some of the limitations of 
these metals will be discussed. 


magnesium alloys is somewhat higher. 


turned to 


Table I — Precipitation Hardening Stainless Steels 


STEEL 


17-7 PH (Armco) 0.07 | 0.60 | 0.40 
PH 55-7 Mo (Armco) 0.07 | 0.60 | 0.40 | 
AM-350 (Allegheny Ludlum) | 0.10 | 0.90 | 0.40 
AM-355 (Allegheny Ludlum)* | 0.13 0.95 | 0.50 
| | 
*Sheet material now under development 
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Fig. 1—Typical Tensile 280 
Strength of 17-7 PH, PH 
15-7 Mo and AM-350 240 
in the Subzero Cooled “ES 
and Tempered Condition 
a 
200 
160 
a 
120 
80 


The low-alloy steels, in general, can be hard- 
ened to high strength levels but have these 
disadvantages: (a) They distort on quenching 
from high temperature, (b) corrosion resistance 
of this group of alloys is inadequate without 
surface protection, and (c) welding and machin- 
ing are difficult in the hardened condition. 

The standard chromium-nickel stainless steels 
(300 series) have found many applications in air- 
craft power plants and for airframe components. 
However, since their ultimate strength is ob- 
tained by cold reduction, forming properties do 
not allow sufficient freedom in design and they 
are only used in applications where mild forming 
is required. 

The martensitic stainless steels (the 400 series 
and its modifications) are relatively new to the 
airframe industry. These alloys can be heat 
treated to provide high-strength properties at 
elevated temperatures, but corrosion resistance 
is not adequate for aircraft requirements. The 
following production problems are associated 
with these steels: (a) warping in heat treat- 
ment, (b) decarburization, (c) machining, and 


Fig. 2— Deformation Behavior of PH 
15-7 Mo and 17-7 PH Sheets in Con- 


dition RH 950 Under 1000-Hr. Load 
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(d) welding difficulties. Considerable work is in 
progress on development of new martensitic 
steels and improvements can be expected soon. 

Hot work toolsteel has the highest strength- 
weight ratio between 400 and 1000° F. of any 
commercially available structural metal. Pro- 
duction problems associated with the toolsteels 
are similar to those for low-alloy and martensitic 
steels. Corrosion and oxidation resistance is 
inadequate and parts would require a protective 
coating. Considerable development work in 
this area is under way. 

Superalloys will receive little consideration 
as a sheet material for service below 1000° F. 
because of the use of strategic alloying elements 
such as nickel and cobalt. 


Material Requirement 


Before any material can be considered for a 
specific application, the predicted service condi- 
tions such as loads, temperature, time and en- 
vironment must be defined. The first require- 
ment for any aircraft is light weight. This means 
that a high strength-weight ratio must be main- 
tained at the predicted service temperature. The 
second requirement is that of space or thickness. 
If only a certain amount of space is available for 
a component, a material must be chosen that will 
impart the necessary structural integrity to the 
part in that space. 

Room-temperature properties are important, 
since the strength, hardness, ductility, and 
fatigue strength indicate the quality and uni- 
formity of the material. Elevated-temperature 
properties such as strength, creep, deformation, 
stress-rupture, and fatigue determine the sta- 
bility and behavior at the service temperature. 

Corrosion, oxidation, and wear or erosion 
resistance are other important properties which 
can affect the strength of sheet material. In- 
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Table Il — Heat Treatment Procedures for Precipitation Hardenable Steels 


17.7 PH and PH 15-7 Mo (Mill Annealed at 1950° F.) 


Cooiinc TREATMENT (RH 950) | 


1. Heat to 1750° F., 10 min. 
2. Cool to —100° F., hold for 8 hr. 


DousLe AGInG TREATMENT (TH 1050) 


1. Heat to 1400° F. for 90 min. 
2. Cool to 60° F. 


within | hr. 


3. Heat to 950° F. for | hr. 3. Heat to 1050° F. for 90 min. 


4. Air cool 4. 
TypicAL PROPERTIES 


Ultimate strength, psi. 240,000 
Yield strength (0.2% offset) 215,000 


Elongation in 2 in. 6% 


Air cool 
RH 950 
PH 15-7 Mo 


TH 1050 
PH 15-7 Mo | 17-7 PH 


17-7 PH | 
235,000 210,000 


200,000 
220,000 | 200,000 


185.000 
7% 9° 


6% 


AM-350 and AM-355 (Mill Annealed at 1950° F.) 


SuspzerRO Cooiinc TREATMENT (SCT) 


1. Heat to 1710° F. ¢ 
2. Cool to —100° F., 3 hr. min. 
3. 


. Air cool 


DousLe Acinc TREATMENT (DA 


Heat to 1375° F. 


9 
Heat to 850° F., 3 hr. min. | 3. Heat to 850° F. 
4. 


4. Air cool 


Air cool 


SUBZERO 


Typical PROPERTIES 
AM-355 
Ultimate tensile strength, 1000 psi. 215,000 


Yield strength (0.2% offset), 1000 psi. 195,000 
Elongation in 2 in. 12% 


adequate surface stability, such as scaling, pit- 
ting and intergranular attack, may reduce the 
strength so much as to cause premature failures. 

Regardless of the outstanding properties of an 
alloy, the material must be available in all forms 
required to be useful in a production airplane. 
Ease of fabrication strongly affects the real 
value and selection of the material. Weldability 
and formability are factors which must be con- 
sidered in practical applications. 


PH Stainless Steels 


Keeping these requirements in mind, let’s look 
at some of the precipitation hardening stainless 
steels. Nominal compositions and sources are 
given in Table I. These steels differ from con- 
ventional steels in that they retain much of their 
hot strength when exposed for long periods at 
400 to 800° F. 

The 17-7 PH is one of the oldest of the cur- 
rently used commercial precipitation hardening 
steels; PH 15-7 Mo is a relatively new alloy 
Higher strengths and better elevated-tempera- 
ture stability are achieved by addition of 2 to 
3% Mo. The strength of these steels depends 
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Coouinc TREATMEN1 


DousLe AGED 


AM-350 AM-355 AM-350 


200,000 190.000 195.000 
175.000 170,000 155,000 


9 
139, 12% 10% 


(a) the transformation of 
austenite to martensite and (b) partially on the 
precipitation of a second phase (probably alu- 
minum-nickel) from the martensitic matrix. 

The AM-350 and AM-355 types are not true 
precipitation hardening steels but are so classi- 
fied because they are hardened and softened by 
similar heat treating schedules. They depend 
on a martensitic transformation to achieve their 
strength. Since there is no secondary hardening, 
they have lower strength at room temperature 
than 17-7PH and PH 15-7 Mo; however, at 
around 500° F. the strength of the steels tends 
to equalize. 

Typical heat treatments used for these alloys 
are given in Table II. They are purchased 
in the high-temperature anneal (1950° F.) con- 
dition to give austenitic stability during ship- 
ment and maximum formability. When subzero 
treatment is contemplated, it is necessary to con- 
dition the material. Response to the subzero 
cooling and tempering treatment is obtained by 
a conditioning treatment at about 1750° F. 
Double aging can be done without conditioning 
the mill annealed material. 


upon two factors: 
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The strength of the subzero treated steels is 
higher than that of the corresponding double 
aged steels. This is due to retention of more 
carbon in solid solution in the austenite prior to 
transforming into martensite. Typical tensile 
strengths obtained with 17-7 PH, PH 15-7 Mo, 
and AM-350 in the subzero cooled and tempered 
condition are shown in Fig. 1. Note that the 
tensile strength of the steels tends to equalize 
at around 500° F. 

Load Carrying Ability — An important design 
consideration in the use of materials above 
600° F. is their load deformation behavior. Fig- 
ure 2 shows the relative capacity of 17-7 PH 
and PH 15-7 Mo steels to withstand loading for 
1000 hr. in the range 600 to 900° F. No more 
than 0.1% and 0.2% permanent deformation 
results. Creep properties of PH 15-7 Mo are 
superior to those of the original 17-7 composi- 
tion. AM-355 also has better creep strength 
than AM-350. 

In general, the PH steels are adequate in 
regard to notch sensitivity, bearing strength, 
impact strength, weldability, formability and 
machinability. While these alloys have been 
classified as corrosion resistant materials, a more 
adequate classification would probably be de- 
layed corrosion resistant materials. Specimens 
exposed to harsh marine atmospheres show 
superficial red rust after a short time. Their 
stress-corrosion characteristics are another im- 
portant consideration, at certain stress levels and 
environment, but only limited data are available. 


Applications of PH Sheet Alloys 


The first major use of these steels was for ribs 
and stringers in the F-86 Sabre Jet airframes. 
Good fabrication experience and service per- 
formance has led to its use in other high-speed 
aircraft. Currently, PH alloys are being used as 
structural parts in the F-100, F-102, F-104 and 
F-105 fighters and in parts for the B-52 and B-58 
bombers. Structural parts used for aircraft and 
missile applications are such standard items as 
stringers, ribs, bulkheads, longerons, shrouds, 
honeycomb, and skins. 

In the design of an advanced Chance Vought 
aircraft, one of the areas where a problem existed 
was a bulkhead in the aft section. Although a 
titanium alloy had been used for this application, 
higher temperatures required that it be beefed 
up to maintain the required strength at the serv- 
ice temperatures to be encountered. Because 
of a space restriction in this area, titanium could 
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no longer be used for 


this application. 
Since previous experience had been gained 
with 17-7 PH, this alloy was considered for the 
bulkhead. Its over-all size is about 4 ft. in diam- 
eter; total weight is about 150 lb. This bulk- 
head is made up of 59 stainless steel details 
ranging in gage from 0.032 to 0.156 in. The 
details are assembled using standard stainless 
steel rivets. This bulkhead determines the form 
of the fuselage, provides a support for fastening 
the stringers and skins, and sustains the load of 
the fin beam and vertical stabilizer. 


Processing 


As used at Chance Vought Aircraft, 17-7 PH is 
purchased in the mill annealed condition (1950° 
F.) to MIL-S-25043 specification. It is processed 
and heat treated according to the end use or 
fabrication requirements. The procedure for 
the two-stage heat treating method (TH 1050), 
which has been successfully used for producing 
the aft bulkhead parts, is as follows: 

1. Preform part from mill annealed (Condi- 
tion A) material. Forming is done on the rub- 
ber press by the Guerin process. Contour and 
definition are good except for minor buckling 
(Fig. 3) of the outer shrink flange. 

2. Hot form at 1200°F. for 10 min., if part 
is not well defined. Buckles created above have 
been removed and the part has good definition 
and contour. 

3. Harden to Condition T (heat treat at 1400° 
F.) for 12 hr.; cool to 50 to 60° F. in 1 hr. 

4. Hot form again with heated die used in 
step No. 2, at 1050°F. for about 10 min. to 
remove warpage caused by step No. 3. (Note 
that heating above 1050° F. or heating other than 
furnace heating, as required by step 5 (below), 
for more than 15 min., at any one time, after 
the 1400°F. treatment will critically reduce 
strength of the finished part. Furthermore, the 
part is not to be heated, other than furnace 
heat treatment, for more than a total of 30 min. 
after the 1400° F. heat treatment. If the part 
is exposed to temperatures over 1050° F. after 
the 1400° F. treatment, the part must be re- 
annealed and re-heat treated.) 

5. Temper to condition TH 1050 (heat treat 
at 1050° F. for 1% hr. and air cool). 

In the event that excessive warpage is found 
after step 5, the parts can be re-hot formed at 
1050° F., according to step 2. Production expe- 
rience reveals that this additional forming is 
seldom required. 
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The steps in the method which uses refriger- 
ation and tempering (RH 950) are as follows: 

1. Preform part from annealed (Condition A) 
material and hand form to eliminate any exces- 
sive buckles. (Note: Hand forming may be done 
at any time prior to final heat treat.) 

2. Anneal to condition A 1750 (heat treat at 
1750° F. for 10 min.) There may be slight warp- 
age in the web of the part. 

3. Condition R-100 (cool to — 100° F. and hold 
at this temperature for 8 hr.). 

4. Age to condition RH 950 (heat treat at 950° 
F. for 60 min.). Unacceptable warpage may 
exist in the web and flange. 

5. Hot form at 950° F. as required (maximum 
time limit for this operation is 20 min.). The 
part shown in Fig. 4 now has the required 
mechanical properties with good definition and 
no warpage. 

Other processing required is removal of any 
surface contamination caused by heat treating. 
Liquid honing is a satisfactory way to remove 
surface contamination. Scaling has been found 


Fig. 3— This Bulkhead Part (Top) 
Is Formed From 17-7 PH on a 
Rubber Press by the Guerin Proc- 
ess. Contour and definition are 
good except for minor buckling on 
the outer shrink flange. This is cor- 
rected by hot forming before 
hardening to give part below 


to be limited and can be removed by sand-blast- 
ing if the material is of a heavy enough gage 
to withstand it. 

A comparison of the two methods of forming 
reveals the following: 


1. Both processes produce acceptable parts. 
2. Less distortion is produced by the refriger- 
ation and tempering (RH 950) technique. 

3. Tooling requirements are identical for both 
methods. 

4. Additional facilities (refrigeration) are re- 
quired for the RH 950 technique. 

5. There is less chance of error in shop prac- 
tices for the RH 950 treatment. 

6. Intermediate stage re-forming is more ex- 
pensive and time consuming for the TH 1050 
technique. 

Predictions — With the development of the 
newer precipitation hardening stainless steels, 
PH 15-7 Mo and AM-355, many more applica- 
tions will be realized for these alloys. Maximum 
service temperature may be increased by another 
200° F., allowing more freedom in design. @& 


Fig. 4— This Part Made of 
17-7 PH Is Processed by 
Refrigeration to 100° F. 
Below Zero and Aging at 
950° F. for 60 Min. Final step 
is re-hot forming at 950° F. 
to remove any warpage 
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Supersonic Age 


Materials for Rocket Engines 


Rocket engine components are subjected to high stresses 


By R. C. KOPITUK* 


at high temperatures. Since the fuels are often corrosive, the materials, 
both metallic and ceramic, must have great endurance. 
Selection and fabrication of materials for both regenerative 


Tue Fantastic power needed to propel 
the Sputniks and their American counterparts 
can only be attained by rockets—but such 
rockets as were never imagined by their Chi- 
nese inventors. When you consider that ex- 
tremely active fuels, such as liquid anhydrous 
ammonia and hydrazine, with oxidizers such as 
liquid oxygen, red fuming nitric acid and liquid 
fluorine, are used to drive the rocket engines 
and that temperatures up to 6500° F. are reached 
during the blast, you can see that the selection 
of materials for their construction presents diffi- 
cult problems. 

Let's begin with a general illustration of a 
liquid propellant system. While there are many 
variations of this engine (illustrated by Fig. 1), 
the temperature ranges shown are similar for 
all types. 

The operation of this engine, in particular, 
the fuel flow, is an important point. The oxygen 
and fuel are pumped into the mixing area where 
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and nonregenerative rocket engines are discussed. (T24b, T2p, 17-57; SGA-h) 


they are ignited; the fuel (in the regenerative- 


type system shown) cools the combustion 
chamber lining before reaching the injector 
head. The pump is operated by a turbine wheel, 
which in turn is actuated by a gas generator 


powered through offshoots of the main fuel lines. 
Environment Gives Materials Problems 


There are several “hot components” in a rocket 
system. These are the turbine wheel, gas gener- 
ator, injector head, combustion chamber, and 
chamber extension cone. In choosing a material 
for any of these, many factors (such as oxida- 
tion resistance and strength requirements, corro- 
sion and erosion resistance, fabricability, avail- 
ability and cost) have to be considered. The 
conditions usually vary widely. However, one 
thing relatively common to most components 
is the duration of the operation. Because total 


*Manager of Metallurgy and Materials, Reaction 
Motors, Inc., Denville, N.]J. 


79 


= 
SS 


firing time is usually short, engineers are con- 
cerned only with short-time properties — 10-hr. 
rupture strength, 10-min. yield strength, impact 
loading, and short-time fatigue strength. 

The turbine disk and blades in most rocket 
designs offer relatively few problems. Although 
they operate under extremely severe loading 
conditions and high thermal shock, they are not 
heated over the 1500 to 1600° F. mark. This is 
because they are subjected to  off-mixture 
combustion products from the gas generator. 
Furthermore, they operate for only short periods. 

The gas generator is generally the next hot- 
test area. Here, metal parts usually do not 
exceed 1900°F. This is a cylindrically shaped 
component, closed on one end by fuel and oxi- 
dizer injectors, and open at the other for emis- 
sion of the combustion gases. Invariably, it is 
made of thin welded sheet. If operated above 
1600° F. for a service life under 30 sec., an in- 
sulating ceramic coating may be used to realize 
the high strength potential of lower-te mperature 
alloys. If operating life is over 30 sec., the gener- 
ator wall is usually not insulated. One reason 
is that the added weight of insulation needed to 
keep the temperature down would be excessive. 
Due to the highly turbulent and radiating char- 
acteristics of the combustion gases, the generator 
walls with a thin ceramic coating come up to 
operating temperature rapidly. When the oper- 
ating temperature is reached, the ceramic acts 
as so much excess baggage. In a rocket engine 
system, 1 Ib. of construction material can mean 
the loss of 25 to 50 Ib. of payload. Only when 
improved oxidation and corrosion resistance is 
required is a ceramic coating (usually a high- 
temperature enamel) used, Where nonprotected 
metal is used, it is generally Type 309 or 310 
stainless steel. 


Problems With Molybdenum 


For longer running times—from 10 min. to 
several hours — molybdenum alloys have been 
considered, but they have certain major dis- 
advantages. For one thing, they become quite 
brittle when welded and with the stresses and 
high vibrations of a rocket engine this could 
prove disastrous. Furthermore, the ductility of 
the joints gets worse below 60 to 120° F., and 
most engines are required to start satisfactorily 
as low as — 65°F. In rocket engine systems, 
large pressure rises are quite often clocked in 
milli-seconds and the initial surge of pressure at 
this temperature would undoubtedly 
trouble in the welds. 


cause 
Recent work has improved 
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ductility but even so it's nowhere near what's 
needed. As for the oxidation resistance, a really 
suitable coating has yet to be found. 

Metals which have been used or considered 
for use in the gas generator are the low-alloy 
steels, 300 series stainless steels, Inconel, Inconel 
“X”, A-286, and R235. Among the ceramic 
coatings are alumina (Al,O;), zirconia, NBS 
coating, and Solaramic. In addition, aluminum 


dip and certain high-temperature metallic coat- 
ings have been used. 

To sum up: The main requirements for a gas 
generator material are oxidation resistance and 
strength at temperature, along with fabricability. 


Injector Head 


As its name implies, this component injects 
the propellants into the combustion chamber. 
Usually in the form of a hemisphere or short 
cylinder capped on one end and open to the 
thrust chamber on the other, the injector head 
may be mechanically attached to the chamber 
by bolting, clamping or welding. It can also be 
an integral part of the thrust chamber design. 
Good corrosion resistance and high strength are 
necessary in this item. Temperatures encoun- 
tered, for the most part, are ambient which 
could mean +165° F. (for fuels such as hydro- 
carbon mixtures, aniline, butyl mercaptan), or 
— 290., —320., or —420°F. for liquid oxygen, 
nitrogen or hydrogen, respectively. The one 
hot area faces the combustion chamber. 
Although combustion occurs somewhat down- 
stream of the injector and the latter is cooled 
by the propellants flowing through it, the severe 
turbulence of the gases can heat local hot spots 
to 2400 or 2500° F. 

The injector head is usually welded; sheet 
metals from 0.015 to 0.125 in. thick are e mployed. 
Several factors must be considered in selecting 
the materials. High strength is required for the 
outer case and oxidation resistance is needed in 
the injector face. Also necessary is resistance 
to the corrosive propellants passing through the 
head and to the moderately high temperatures on 
the inside surface of the injector face wall. 

The corrosion problem is not too bad when 
we consider most of the common fuels and some 
oxidizers. However, when one gets into some of 
the more active propellants—such as white 
fuming nitric acid, red fuming nitric acid-HF 
inhibitor, liquid fluorine or 90% hydrogen perox- 
ide — conditions get more severe. Since the 
fuels and oxidizers are highly reactive, they must 
be separated from one another by leak-tight par- 
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Pressurized 
Oxidizer 


Pressurized 
Fuel 


Turbine Wheel 
1200-1 600°F. 


Turbopump Gas Generator 


1900°F. 


Gas Generator 
Propellant Valves 


Main 
Propellant Valves 


Injector Head 
Average Wall Temp. 
1000-1 200°F. 


Fuel Oxidizer 
Mixing Area 


Combustion 
Chamber 


Regenerative 
Chamber Throat Cooling 
Gas Temp. 6500°F. 

Average Sidewall 


Temp. 1900°F. 


Exit Cone 
Gas Temp. 

2500°F. 
x Uncooled 
Nozzle Extension 


Average Wall Temp. 
1800°F. 


Typical Exhaust 
Pattern 


Fig. 1—General View of Regenerative- 
Type Rocket Engine. Temperatures are 
representative of what materials must with- 
stand in many rocket applications today 


The smallest leaks can 
cause severe explosions destroying the engine. 
One trick which has been used to seal weld 
beads is to coat them with an acrylic slurry of 
a high-temperature nickel brazing alloy, then 
fuse at a higher than normal flow temperature 
(for pinhole penetration) in a suitable atmos- 
phere furnace. Where a casting is not feasible 
because of design complexity, the materials must 
be readily formable, and weldable or brazeable. 

After fabrication is complete, it is often neces- 


titions in the injector. 
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sary to heat treat (by precipitation hardening 
or air hardening) to minimize warpage in the 
assembly. The obvious question after examin- 
ing all the requirements: Do we have any mate- 
rials which will fit the bill? Surprisingly, the 
problem is not as complicated as it sounds. By 
carefully examining the corrosion time, temper- 
ature and fabrication parameters, several mate- 
rial combinations can fit a specific application. 
Materials vary consideravly, depending upon the 
propellant combination, length of running time, 
number of firing cycles, strength requirements, 
and other factors. They range from the low- 
alloy steels, through the 300 stainless steel series, 
and on up into the superalloys such as A 286 and 
Inconel “X”. Insulating ceramic coatings, such 
as alumina and zirconia are also used on the 
injector face. Corrosion resistance, strength and 
fabricability are generally the prime factors to 
be considered when recommending material for 
this component. 


Combustion Chamber Extension Cone 


This is usually a truncated cone welded or 
mechanically attached to the end of the com- 
bustion chamber. Its function is to develop more 
thrust from the expanding gases spurting from 
the combustion chamber; it becomes more effi- 
cient at higher altitudes. This component is 
generally uncooled and is usually made of 
welded sheet. Though the temperature of the 
expanding gases decreases considerably and 
pressure is a minor consideration, the gases are 
still quite hot (around 1600°F.) and tend to 
form stagnation or turbulence patterns causing 
local hot spots reaching 2200 to 2500° F. When 
the combustion gases are highly oxidizing, “burn- 
ing” of the metal occurs. Furthermore, the gases 
are moving at a high speed. This means that 
erosion, particularly as it concerns the “hot 
spots”, is an important factor. Many sheet 
materials — from mild steel to the high alloys — 
have been evaluated along with various metal, 
The 
success of these materials and coatings depends 
in part on the injector design, which in turn 
affects the gas pattern. The corrosive character- 
istics of the gases is also an influence. Fabrica- 
bility, erosion and corrosion resistance are the 


cermet, and ceramic protective coatings. 


major factors to consider when recommending 
a material for the extension cone. 


The Combustion Chamber 


This is the heart of the rocket engine. Actu- 
ally, the complete chamber consists of three 


81 


| 
| 
| 
y= ¢ | 
| 


major parts: (a) the injector head which closes 
one end, (b) the extension cone which is open 
at the other end, and (c) the combustion cham- 
ber in between. The combustion chamber is 
cylindrically shaped with a necked-down section 
(usually referred to as the nozzle or throat area ) 
about 24 the distance from the injector face. 
Propellants enter the cylindrical portion where 
they mix and react in what might be termed a 
continuous explosion. Since one end of the 
chamber is closed by the injector head, the gases 
squeeze through the relatively narrow throat 
opening on the other end, picking up speed as 
they do, and expand out past the divergent sec- 
tion of the throat and the extension cone. The 
resultant force of these gases moves the plane 
or missile ahead. 

The combustion chamber is generally exposed 
to all the conditions to which the other “hot” 
components are exposed, but more so. Temper- 
atures are high and erosion is extremely severe. 
Both oxidizer and fuel can be corrosive. Fabri- 
cation can be quite complicated, depending on 
the design, and high strength with light weight 
is almost always a requisite. With all these 
factors to consider, the combustion chamber 
presents some complex problems. 


Two Types of Chambers 


Basically there are two types of liquid pro- 
pellant rocket chambers: (a) the uncooled, for 
short-time firing, and (b) regeneratively cooled, 
for extended or repeated use. The uncooled 
chambers (Fig. 2) are usually ceramic-lined. 
Metals used have ranged from the low-alloy 
steels such as 4130, 17-22 AS, 4335, to the more 
highly alloyed materials such as 300 series, A 286, 
and Inconel “X”. Titanium has also been con- 
sidered. Low-alloy steels and titanium are used 
for their high strength-to-weight ratio where 
the final metal temperature will not go much 
above 1000° F. Reduction of critical materials 
is, of course, another attraction of the low-alloy 
steels. 


Fabrication of Jacket 


Flanges are made from bar stock or forgings, 
while the outer shell is welded sheet, spun or 
press-formed to shape. Welding is usually per- 
formed by the tungsten-are gas-shielded method. 
All processing is critical since the smallest leak 
cannot be tolerated in the chamber wall; other- 
wise, a hole several inches in diameter will form 
in a few seconds of operation. 

The part, after welding, is heat treated and 


coated for corrosion and oxidation resistance. 
Sometimes, as in high-temperature nickel alloy 
brazing or aluminum dipping, the coating process 
is part of the heat treatment. Where corrosion 
occurs in the uncooled chambers, aluminum dip- 
ping without subsequent diffusion, or electroless 
nickel plating, is quite satisfactory. If some 
oxidation and erosion resistance are also needed, 
as in the uncooled extension cone, a high-tem- 
perature nickel-braze coating is desirable. Gen- 
erally about 0.010 in. of coating is applied. 


Ceramics Are Important 


Ceramic materials are almost always used for 
the uncooled thrust chamber lining to maintain 
low metal temperatures. Although there has 
been considerable effort on ceramics of late, 
much work is still required to improve the old 
ones and to develop new ones. There are 
basically two ceramic classes: the insulating type 
and the oxidation resistance type. Typical of 
the former are the ceramic bodies, ceramic 
bonding cements and some coatings such as 
alumina and zirconia. Typical of the latter are 
high-temperature enamels. 

Insulating ceramic coatings are not used too 
frequently on uncooled liquid propellant cham- 
bers except for runs of very short duration. 


Fig. 2—Combustion Chamber of Non- 
regenerative-Type Rocket Engine Used for 
Short-Time Firing. Since the sidewalls 
are not cooled, they are ceramic-lined 
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Fig. 3—Diagram of Regeneratively 
Cooled Thrust Chamber. Either fuel or 
oxidizer can be used to cool the walls 


However, they are frequently applied to the 
extension cones; oxidation resistant coatings may 
also be used. 

Ceramic bodies and bonding cements are 
widely used for the lining. One of the big prob- 
lems in fabricating uncooled chambers is the 
bonding and supporting of the ceramic bodies 
to the metal shell. Ceramic bonding materials 
should be readily pourable as mixed and should 
give good bonding strength, as set. Further, they 
must be able to withstand high vibration during 
operation and be resistant to the highly corro- 
sive fuels. Some of the more common bonding 
cements are lumnite (calcium aluminate), 
foamed lumnite, lumnite and flint, plaster of 
paris, and alumina-base cermets. 

Ceramic bodies used in liners and nozzles have 
had many compositions. They must have good 
refractory properties, good oxidation, corrosion, 
erosion, and thermal shock resistance. Further, 
they must be readily molded or machined into 
the shapes required. Designs make use of 
compressive strength of ceramic materials and 
are such that they are usually supported in 
tension by the outer metal shell. Some materials 
used are graphite, silicon carbide-coated graph- 
ite, carbon-bonded silicon carbide, silicon nitride- 
bonded silicon carbide and silicon carbide with 
a recrystallized silicon carbide bond. Even plas- 
ter of paris bonded with Weldwood glue has 
been used in short duration firings. 
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Cooled Chamber 


In a regeneratively cooled thrust chamber 
(Fig. 3), the fuel or oxidizer passes between the 
outer jacket and the inner liner to cool the side- 
wall of the chamber. Combustion can reach 
6500° F.; gas velocities go as high as 8000 ft. per 
sec. and over, in the divergent cone. A unit of 
this type generally has to run repeatedly. Length 
of time for a single run usually is 4 to 6 min. 
and total operating life can be as long as several 
hours. 

Engines such as these are employed for the 
Bell X type planes, Douglas Skyrocket experi- 
mental rocket planes, and V iking missiles. The 
chamber is usually sheet metal and tubing con- 
struction. Wall thickness generally does not ex- 
ceed 0.125 in. and can go as low as 0.010 in. 
Where wall thickness is low, wire or glass fiber 
wrapping is used for support on the outside 
diameter of the chamber. 

From the corrosion standpoint, the welded 
construction materials contact such highly cor- 
rosive or reactive propellants as white fuming 
nitric acid, 90% H.O»s, hydrazine, and liquid 
anhydrous ammonia, just to mention a few. 
Operation must be repeated many times, and 
there is always the possibility that, during engine 
layover, the materials will be subjected to dilute 
concentrations of propellant in blind holes or 
cavities. They must also resist the highly corro- 
sive products of combustion on the gas side. 
This coupled with the high erosion and high 
temperatures encountered on the gas side, neces- 
sitates the use of highly compatible materials 
with good oxidation, corrosion and erosion resis- 
tance for the gas sidewall. 


Oxidation Problems 


Careful microscopic examination of various 
stages of metal oxidation failure in the throat 
area has revealed that, at temperatures above 
1700° F., microscopic sections of oxide film are 
torn from the base metal by the highly erosive 
gases. A tiny, sharp edge remains and micro- 
scopic gas turbulence occurs here which gives 
higher local temperatures with accelerated oxide 
formation and removal. The wall thins, which 
leads to higher propellant temperatures. A drop 
in cooling efficiency by the propellant occurs; 
this further increases wall te mperature, Finally, 
as severe nucleate boiling of the propellant 
occurs, the metal wall temperature rises rapidly 
and burns through. 


If base metals are already 
oxidation resistant, and if design changes cannot 


83 


= 
Metal 
Liner 


Fig. 4 — Test Firing a Rocket Engine 


improve cooling, then the metal must be pro- 
tected by a ceramic coating. 

Some of the materials used for the chamber 
liners have been 300 series stainless steels, A 286, 
17-7 PH, Inconel, nickel, Inconel “X”, and some 
cast and wrought aluminum alloys. Where the 
lower melting or less oxidation resistant materials 
are used, the oxidation resistant or insulating 
coatings are employed. 


Coatings for Protection 


Some of the oxidation resistant coatings that 
have been used are Coast Metals 53 and 56 
(these are the Ni-Si-Cr-B alloys) and Solaramic- 
type ceramic coatings. Insulation-type coatings 
include alumina and zirconia. As powders, 
these can be sprayed to a given thickness 
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rapidly, but have the disadvantage of poor ero- 
sion resistance. 

The rod form of alumina and zirconia is known 
commercially as Rokide A and Z, respectively. 
The latter materials are sprayed on grit or sand- 
blasted surfaces by the oxy-acetylene flame spray 
gun. The molten particles adhere to the rough- 
ened surface. These coatings have good insu- 
lating properties and excellent erosion resistance, 
though adherence and sealing still need im- 
provement. A precoat of sprayed Nichrome 
powder helps somewhat. It is hoped that in the 
near future, through the use of composite metal- 
ceramic coatings, a molecular bond can be es- 
tablished. Also the Rokide-type coatings, as 
deposited, are 10 to 15% porous, requiring a 
highly oxidation resistant base or precoating to 
prevent rapid oxidation of the base metal and 
subsequent flaking of the ceramic coating at the 
ceramic-to-metal interface. Due to the low rate 
of application with this process, two to four guns 
are needed to complete one part in a reasonable 
length of time. 


Problems Attacked in Many Ways 


In our work, we have found that materials 
engineering aids not only in establishing mate- 
rials and processes for construction of the rocket 
engines, but sometimes helps to establish oper- 
ation characteristics. For example, not too long 
ago, a thrust chamber was built of 300 series 
stainless steel which, according to heat transfer 
calculation, should have operated with no pro- 
tective coating on the gas side. To make a long 
story short, the throat burned through. Since 
the propellant, liquid anhydrous ammonia, per- 
mitted a low-alloy steel for test purposes, Type 
1020 steel was substituted. Again, the chamber 
was run, and as expected, it burned out in about 
the same time. 

Microscopic examination of the cvlindrical 
portion revealed a martensitic structure (about 
Rockwell C-34) in place of the original annealed 
ferritic structure. Since the run lasted only 12 
sec., it was necessary that the metal rise to 
an austenitizing temperature, have carbon go 
into solution, and be quenched in 12 sec. to get 
this structure. With this in mind, and after 
further examination of the metal oxide film, it 
was estimated that metal temperature had been 
about 1800° F. in what was supposed to have 
been a 1300° F. area. This indicated that 300 
series stainless steel would do the job, provided 
the propellant passages were redesigned to 
increase flow velocity and improve cooling. © 
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Staff Report 


The All-Basic Openhearth 


With hearth and walls already being constructed of basic material, 


the only area left to complete the all-basic openhearth is the roof. 

Work conducted by American and British steelmakers over the last 
few years indicates that higher production and longer roof life can be 
expected when problems imposed by the use of basic brick are solved. 


Minor MATTERS like recessions never stop 
steelworkers from getting together to swap ideas. 
\s a consequence, the A.I.M.E. Openhearth and 
Blast Furnace Conference, scheduled several 
months ago when business was better, came off 
as planned, Over 1500 attended the session in 
Cleveland to discuss subjects such as charging 
methods, exothermic ferromanganese ladle addi- 
tions, bottom practice, oxygen steelmaking and 
basic roofs. Methods for producing more steel 
at faster rates generated a large amount of 
interest. For instance, the session on basic roofs 
filled the meeting room. Here, when the bugs 
are worked out, is a scheme which will ensure 
higher steelmaking rates. 

As everybody familiar with usual openhearth 
furnace knows, the hearth is composed of the 
basic materials, magnesite and dolomite, while 
the roof is constructed of silica brick. Since 
magnesite and chrome-magnesite brick are also 
used for the walls, the only item needed for an 
all-basic openhearth is a basic roof. In the past, 
silica brick has been the favorite roof material 
because of its low cost (about one third as 
much as magnesite brick) and high strength. 
It also has much greater resistance to spalling. 
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(W1Sr, D2, 1-65; RM-h, ST-e) 


Ilowever, serious limitations on firing rates 


are imposed by the low melting point of silica 
which is only 100° F. above that of molten steel. 
Conseque ntly, during meltdown periods, the 
flame has to be adjusted so that it will melt only 
the scrap and not the roof as well. Basic brick, 
with its higher melting point, withstands higher 
firing rates. This means that meltdown is much 
faster, and production is increased appreciably. 


Production 


A typical example of the progress being made 
in basic roofs is the data presented at the meet- 
ing by M. H. Stadler, Jr., of U.S. Steel Corp. 
The South Works, in Chicago, has had an all- 
basic openhearth furnace in operation for 101% 
years. During this period, the unit has con- 
sistently produced more tons per operating hour 
than have similar silica brick-roofed openhearths 
in the same shop. Figure | illustrates the general 
trend during the 14 campaigns in this furnace. 

Since higher flame temperatures are possible 
when the furnace is roofed with basic brick. 
might be expected that fuel consumption would 
be higher for each ton of steel produced. This 
proved to be the case; however, by reducing 
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Fig, 1 — All-Basic Furnace Production Com- 
pared With Shop Average at South Works, 
U.S. Steel Corp. The production of the all- 
basic openhearth is consistently higher 


air infiltration in the slag-pocket areas, fuel 
consumption was reduced considerably. As 
of last report, the basic furnace used 3,987,000 
Btu. per ton, while the average silica-roofed 
furnace used 3,991,000 Btu. per ton. In the 
important factor of roof life—which greatly 
affects maintenance problems —the basic roof 
usually lasts two to three times as long as a 
silica roof. This is shown by the graph of Fig. 2 
which compares the two roof types. 

Republic Steel Corp. began investigating the 
all-basic openhearth late in 1956; while not 
having the extensive experience of U.S. Steel 
Corp., Republic also found that roof life and 
production increased. This was reported by 
C. W. Cravens who gave a blow-by-blow de- 
scription of the first campaign. 

Initially, the roof was arch-constructed of cast 
basie refractory with simple jacks, consisting of 
two adjustable telescoping pipes, provided to 
control anticipated shifting of the roof. After 
the furnace was put into operation, daily checks 
of the roof were made. At the 16th heat, surface 
roughness appeared; it increased, though without 
visible wear, to the 104th heat when a light 
bulge appeared in the front roof section above 
No. 5 door. The jacks were adjusted to contain 
the bulging, but this did not work; bulging con- 
tinued until several bricks dropped into the 209th 
heat during the working period. 

Repair and relighting were completed without 
incident. It developed, as the campaign went 
on, that the patching material did not last as well 
as the original cast refractory, and several sub- 
sequent repairs were needed. These occurred 
after heats 313, 402 and 487. After 550 heats, 
the furnace was taken out of production and 
rebuilt using cast basic refractory exclusively 
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for the roof, front wall and back wall. Since 
production results had revealed the advantages 
of basic roofs, another furnace was rebuilt in 
this manner. New jack models (94 in number), 
equipped with coil springs capable of exerting 
1000 psi. when compressed, were installed in 
this furnace to maintain the roof contour along 
with 24 of the conventional telescoping jacks at 
the port ends. The contour and wear of this 
roof were both exceptionally good up to 225 
heats; however, at this point, the cooling water 
pressure fell to 12 Ib. due to weather conditions, 
and the furnace deteriorated. At 235 heats, it 
was rebuilt. 

Discounting unfortunate incidents of this sort, 
Republic’s experience indicated that their major 
problems resulted from variability in refractories 
and shortcomings of furnace design. Open- 
hearths in present day use have all been built 
with silica roofs in mind; the different character- 
istics of basic brick require compensating adap- 
tions. One important physical property is co- 
efficient of expansion. While this can be calcu- 
lated (in fact, it is given in a number of tables), 
the large number of variables in a major produc- 
tion unit such as an openhearth furnace make 
this procedure impossible. All the mason can 


Fig. 2—Unit Roof Life of All-Basic 
Furnace and _ Silica-Roofed Furnaces 
(South Works, U.S. Steel Corp.). In most 
cases the basic roof lasts from two to 
three times as long as the silica roof 
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do is use the old familiar “try-it-and-see” method. 
The results of such experimental work were dis- 
cussed by L. L. Wells of U.S. Steel Corp. in his 
paper on “Expansion Allowance of Basic Port 
Ends”. 

All large refractory structures need allow- 
ances for expansion on heating. With too little 
allowances, distortion or rupture of the binding 
members can occur. Spalling, crumbling of the 
ends, and even severe buckling (such as occurred 
in the basic roof of Republic’s furnace) have 
been known to happen. Conversely, too much 
allowance results in a loosely built furnace. 
Chinks permit the entrance of air and escape of 
flames which may in turn destroy supporting 
steel and refractory. The builder is thus re- 
stricted to narrow limits if he is to erect a sharply 
operating furnace with a long economical life. 

Builders are, of course, fairly familiar with 
expansion allowances needed for silica brick 
When basic brick is substituted, 
however, the allowances change, and have to be 
redetermined. The problem is compounded by 
the relative fragility of basic brick. For ex- 
ample, the premature failure of early uptake 
installations could have been caused by poor 
refractories, improper bricklaying, or faulty de- 
sign of the supporting structure. 

First efforts were toward altering brick types 
(using fired instead of chemically bonded brick, 
for instance), since early work indicated that 
the expansion allowance of 2.2% —one joint 
every six bricks—was more than adequate. 
Failures continued, and when the supporting 
steel work was examined, crushed bricks and 
broken castings were found. As a result, the 
allowance was increased to one corrugated ex- 


construction. 
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pansion plate every fourth brick, or 4.4%. 
Furthermore, all hangers from which brick 
were suspended were separated from building 
structure members to eliminate vibrational 
effects. As of now, pinch spalling still occurs 
in some areas, indicating that the optimum ex- 
pansion allowance has not been reached, though 


results so far are encouraging. 
British Experiences 


Among the other papers submitted was a 
review of the all-basic openhearth in Great 
Britain. Early experiences were disappointing, 
the paper by J. McKenzie of United Steel Co. 
Ltd. stated. Interest slackened, only to be 
renewed by subsequent American developments. 
At present, the general feeling is that basic roofs 
will really prove themselves only when they 
are accompanied by other high-speed facilities, 
such as arrangements for faster charging and 
firing rates. 


Evaluation 


To sum up progress reports presented at the 
meeting, it is generally conceded that the all- 
basic openhearth melts steel more rapidly than a 
similar silica-roofed furnace. The basic roof 
lasts up to three times as long but the cost of 
basic brick is about triple that of silica. In the 
long run this increased roof life may prove to be 
the most important single feature. Repair costs 
are lowered and the furnace availability is 
greatly increased. Attention by the mason gang 
is appreciably lessened. With labor costs being 
such a significant item in today’s production, the 
further development of the all-basic openhearth 
is assured. 
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Can an Improved Nonaging Steel 
Be Produced Commercially? 


By ERIC R. MORGAN* 


The successful development of an improved nonaging steel 


to replace aluminum-killed steel awaits the careful coordination 
of chemical composition, precise annealing and a 


As IS WELL KNOWN to all makers and users 
of deep drawing sheet, tin plate and galvanized 
steels for formed parts, the sheet has an annoy- 
ing habit of aging — that is to say, changing its 
properties during storage. This is ordinarily 
true of low-carbon steel which has been given a 
final cold pass — “temper rolled”. Such a steel 
may very often be drawn into a difficult part if 
formed immediately, but after shipment and 
storage for some days, the same steel used in the 
same dies may show various surface markings. 
flutes or kinks, or even break. The surface 
irregularities (“stretcher strains” or “worms”) are 
particularly objectionable if they occur in an 
exposed part to be painted or enameled. The 
surface markings (Fig. 1) represent depressions 
on stretched surfaces and infest regions where 
the maximum plastic strain is around 5%; they 
disappear in more heavily stretched regions. 
If low-carbon steel sheet is rolled from alumi- 
num-killed ingots, it may be nonaging, but the 
semifinished product may possess a surface which 
is inferior to that of rimmed steel. Alloying with 
boron or vanadium in unkilled steels can result 
in nonaging steels, but this expedient has not 
been consistently successful. However, as will 
*Assistant Director of Research, Jones & Laughlin 
Steel Corp., Pittsburgh. This article is a slightly 
abridged version of a paper presented late in 
October 1957, at Case Institute of Technology, 
Cleveland, before a Symposium on Annealing of 


Low-Carbon Steel, sponsored by Lee Wilson Engi- 
neering Co. 
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special temper rolling technique. (N7, F23r, J23; CN-g) 


be seen later, alloying plus new annealing and 
temper rolling routines offers considerable 
promise. 

First it should be mentioned that two distinct 
aging phenomena are involved: (a) quench 
aging, which occurs in steels cooled rapidly 
from elevated temperatures, and (b) strain aging 
which occurs only in plastically strained steel. 


Quench Aging 


Quench aging is the result of precipitation of 
compounds from supersaturated solid solution. 
Carbon and nitrogen are the main culprits in 
low-carbon steel although small contributions 
can arise from other elements. Solubility of 
both carbon and nitrogen in ferrite is markedly 
affected by temperature; carbon solubility varies 
from 0.02% at 723°C. (1333°F.) to less than 
10*% at room temperature, and nitrogen solu- 
bility changes from 0.10% at 585°C. (1085° F.) 
to approximately 2 x 10°% at 20°C. (68°F). 

When carbides and nitrides are precipitated 
there is an increase in hardness, but this increase 
in hardness is not significant unless the total 
supersaturation giving rise to precipitation 
amounts to about 0.01% carbon plus nitrogen. 
In heat treated steel the degree of supersatura- 
tion will depend upon the amount of precipita- 
tion during cooling. The rate of precipitation 
of carbides and nitrides depends more on nucle- 
ation than on diffusion because both carbon 
and nitrogen diffuse rapidly -in ferrite. The 
ease of nucleation can be affected by the pres- 
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Fig, 1—Stretcher 
Strains in a Sheet Steel 
Stamping % Actual Size 


ence of existing precipitate particles and also by 
simultaneous precipitation of other compounds. 
or example, Wert! has shown that the rate of 
precipitation of carbon at 110° C, from a ternary 
iron-carbon-nitrogen alloy is more rapid than the 
precipitation of carbon in an iron-carbon alloy 
where no nitride is precipitating. The probable 
explanation of this phenomenon is that carbon 
is soluble in the precipitating nitride Fe,,N». 

Consider then what happens during slow cool- 
ing in the box annealing of an openhearth 
rimmed steel which contains 0.06% carbon and 
0.004% nitrogen. The major part of the carbon 
which was in solution at 723°C. (1333° F.) will 
be precipitated as Fe.C by 260°C. (500° F.), 


but the more soluble nitrogen will not have 
started to precipitate, nor, with further slow 
cooling, would such action be promoted by the 


precipitating carbon because the carbide being 
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soluble. Considerable supersaturation of nitro- 
gen occurs; as much as 0.002% nitrogen is left in 
solution at room temperature. If the precipitat- 
ing carbide could be made to dissolve nitrogen, 
more nitrogen might be removed from solution 
with a normal heat treatment. The significance 
of this possibility is illustrated later in connec- 
tion with strain aging. 

Since, as remarked above, nucleation is a 
prime factor in quench hardening, it should be 
mentioned that anything which produces local- 
ized elastic strain (such as inclusions or cold 
work) also promotes nucleation. Even the 
presence of undissolved carbides will speed 
further precipitation of carbon. 

When to these complications in nucleation and 
growth of precipitates are added variations in 
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cannot forecast the quench aging behavior of 
low-carbon steels in commercial operations. If 
the mechanical properties alone are important, 
quench aging of box annealed low-carbon steels 
is insignificant. However, when the cooling rate 
is increased, as in normalizing or quenching, this 
comfortable situation changes. 

Whatever the cooling rate from the annealing 
temperature, a low-carbon steel can be expected 
to have a heterogeneous stage at the beginning 
of plastic flow, as shown by the possession of an 
“upper” and a “lower” yield point. This dis- 
continuity in the plastic flow of low-carbon steel 
sheet can be of much more importance to its 
“drawability” than the changes in hardness 
already discussed — although the two phenomena 
seem to be interrelated at the atomic level, 
as will be shown. 

Figure 2 shows a typical stress-elonga- 
tion curve for annealed low-carbon steel. 
Conventional gages show that the steel 
acts in an elastic manner up to the upper 
yield. At that point, localized plastic flow 
begins at stress concentrations and spreads 
through the entire cross section to form a 
Liiders' band or stretcher strain. With 
increasing strain the band grows — but at 
the lower stress level shown as the lower 
yield point. As the strain is increased, the 
Liiders’ band may spread, or other bands 
may form, until the entire gage section is 
covered. The amount of strain is then 
referred to as the “yield elongation”, and 
amounts usually to about 6% in annealed 
low-carbon steel. 

If a further sample of such a steel is 
elongated about 2%, stretcher strains will 
appear; if elongated more than 6%, they 
cover the whole sheet and disappear. This 
phenomenon can be particularly important 
in a shallow drawing operation, as in the 
pressing of automobile door panels, where 
a rough surface must be avoided. 


Strain Aging 


If a sample is loaded beyond the upper yield 
but strained less than the total yield elongation 
as to point X in Fig. 3, and then unloaded, it 
will, upon immediate reloading, continue to 
deform at a stress equal to the lower yield point 
until it reaches point Y. However, if there is a 
considerable delay between unloading and 
reloading, the sample may require a load greater 
than the lower yield point for plastic deformation 
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to start. Similarly, if a sample is strained beyond 
the total yield elongation—say 8%—then un- 
loaded and immediately reloaded, it will not 
show discontinuous yielding but it will deform 
as in diagram B. On the other hand, if the 
time of reloading is delayed, the yield point may 
return with a greatly increased yield stress 
(diagram D in Fig. 3). This return of the yield 
point is known as “strain aging”. 

Yielding and strain aging on an atomic scale 
are explained by the interaction of dislocations 
and interstitial atoms (C and N) in the alpha-iron 
lattice which seek places where the spacing 
between the iron atoms is increased. One such 
site is a dislocation, and carbon or nitrogen 
atoms can become firmly bound along disloca- 


Yield Elongation} 
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Fig. 2— Typical Stress-Elongation 
Curve for Annealed Low-Carbon Steel 
Showing Relationship Between Total 
Strain and Formation of Liiders’ Bands 


tions. Once the migrating carbon and nitrogen 
atoms have come to rest at the dislocation sites, 
it becomes more difficult to move the disloca- 
tions than if they were free from these “atmos- 
pheres”. This means that plastic deformation, 
which results from the movement and multipli- 
cation of dislocations, is more difficult when 
dislocations are pinned by carbon and nitrogen 
atoms. 
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When stress is applied to an annealed low- 
carbon steel, there will be, to a first approxima- 
tion, no plastic deformation until the applied 
stress is sufficient to tear some dislocations away 
from their atmospheres and to continue to move 
them across the entire sample. This stress level 
corresponds to the upper yield stress. Once 
a sufficient number of dislocations are freed, 
plastic deformation can continue at a lower 
stress, the lower yield stress. 

On an atomic scale, the reappearance of the 
yield point in diagram D, Fig. 3, at an elevated 
stress can be accounted for by the migration of 
interstitial atoms to the dislocations freed by the 
initial plastic prestrain; these dislocations are 
again pinned and need a higher stress before 


Fig. 3 — Typical Stress- 
Elongation Curve for An- 
nealed Low-Carbon Steel 
and for Same After Tensile 
Prestrain and Strain Aging 


they can be moved again. Prolonged strain 
aging may actually result in a preferential nucle- 
ation of carbide and nitride precipitates at dis- 
locations. This should strongly pin the dis- 
locations and cause a readily observable yield 
point and decrease the ductility, as illustrated 
in Curve D of Fig. 3. 


Control of Strain Aging 


Because strain aging is due to localized group- 
ing of carbon and nitrogen atoms at dislocations, 
very small amounts produce a large effect. It 
can be shown that serious strain aging may 
result when only 10*% carbon plus nitrogen is 
in solution and free to diffuse. Since the total 
supersaturation of these elements in box an- 
nealed low-carbon rimmed steel is normally 
greater than 10*%, strain aging can be expected. 
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The above considerations show that aging of 
low-carbon steel, tin plate and galvanized sheet 
used for deep drawing is a matter which is diffi- 
cult to control within such limits as will cause 
no problems in production. In the past this 
control has either been unreliable or has cost 
so much money as to raise the cost of the finished 
article quite appreciably. Let us consider 
whether any more satisfactory control is in fact 
possible, having in mind the explanation of the 
complex phenomenon on the atomistic level. 

The diffusivities and amounts of carbon and 
nitrogen in solution in low-carbon rimmed steel] 
are high enough that significant strain aging 
occurs in a few hours at room temperature. 
Aging time cannot always be controlled by the 


A-—Tensile Prestrain 

B —Unaged 

C-Aged 3 days at 76° F. 
D—Aged 30 days at 76° F. 


Elongation 


consumer because deep drawing steels are 
temper rolled (strained) before shipping, and 
time in storage is determined by economic 


factors related to inventories. Diffusivity of 
carbon and nitrogen cannot be retarded by 
refrigeration because it would cost too much. 
By far the most simple and effective remedy is 
through control of the amounts of supersaturated 
carbon and nitrogen in the ferrite by eliminating 
these elements, fixing them in stable compounds 
through alloying, or by controlling the precipita- 
tion mechanisms and rates. 

Removing carbon and nitrogen by heating in 
wet hydrogen is effective but uneconomical. 
Carbon and nitrogen may be removed from solu- 
tion by alloying, but the addition of the neces- 
sary strong carbide-forming and nitride-forming 
elements usually imposes penalties in steel- 
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making. For example, the addition of aluminum 
or titanium, which are also strong deoxidizers, 
leads to killed steels with relatively poor yield 
from the ingot and inferior surface, hence raises 
the unit cost of the product. 

If sufficient carbon and nitrogen can be elimi- 
nated from solution so that strain aging after 
prolonged storage is only of the order shown in 
Curve C of Fig. 3, we may have reached a com- 
mercial answer because the yield point will not 
reappear and there will not be any loss in duc- 
tility. To reach this goal, it would be necessary 
merely to restrict the carbon and nitrogen in 
solution, not to eliminate them completely. 

Theoretically, this should be possible simply 
by very slow cooling, since the equilibrium 
solubility of carbon and nitrogen at room tem- 
perature is considerably less than 10°%, In 
practice, however, box annealing of high purity 
iron-carbon alloys will not precipitate sufficient 
carbon. On the other hand, the presence of 
trace amounts of impurities such as chromium 
promotes precipitation of carbon, so that in 
normal box annealed low-carbon steel, carbon 
makes only an insignificant contribution to strain 
aging. Supersaturation of nitrogen is the seri- 
ous offender in such sheet because, as pointed 
out earlier, as much as 0.002% nitrogen can 
remain in solution after box annealing. 

Precipitation of nitrogen can be facilitated by 
alloying with vanadium or boron, neither of 
which is a strong deoxidizer, but effective use 
of these additions requires the careful control 
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Temper Rolled 1% 


Fig. 4 — Relationship Between 
Magnitude of Internal Stress and 
Yield Point Phenomena in Tem- 
per Rolled Rimmed Low-Carhon 
Steel, Aged 60 Days at 76° PF. 


of steelmaking practice. While neither clement 
has been used regularly with complete success 
up to the present, there are already sufficient 
data to show that both addition elements offer 
considerable promise for the future. 

If the amount of carbon and nitrogen in solu- 
tion can be sufficiently restricted, the steel, 
while showing a return of the yield point during 
prolonged storage, should not suffer any loss of 
ductility or increase in tensile strength due to 
strain aging. 


Yield Point Elimination 


To eliminate the yield clongation in low- 
carbon steel it is necessary to remove virtually 
all the carbon and nitrogen from solution. It 
is reduced in extent by large grain size. The 
yield point can be eliminated by testing imme- 
diately after plastic deformation but, as pointed 
out earlier, it returns with time. 

One of the testing conditions which appears 
to minimize the yield point is to bend the sample 
during the tensile test. This sets up a stress 
system which will initiate plastic flow, but will 
not immediately permit deformation to pass 
through the entire cross section of the sample, 
and thus prevents formation of Liiders’ bands. 
The metal does, of course, possess a yield point, 
but this is masked by the applied stress system 
which dictates the deformation pattern. 

A complex stress system of this type cannot 
readily be simulated in every pressing operation 
where the yield point is undesirable. The alter- 


METAL PROGRESS 


10 
= 
fs} > 
4 40 
30 
20 
10 
4 
ee. 
| 
| 


Fig. 5 — Relationship Between 
Residual Stresses Induced by 
Cold Work (Top Diagram), the 
True Yield Strength of the Metal 
Resulting From Cold Work and 


High Residual 
Stress Pattern 


Low Residual 
Stress Pattern 


Tension 
Center 


Aging (Middle Diagram), and ‘3 
the Resulting Flow Stress & 0 
(Actual Yield) of the Metal as 8 § 
Shown in the Bottom Diagrams 
510 Rolled, Temper Rolled, Temper Rolled, 
 Unoged 3 Aged Aged 


1000 Psi. 


True Yield Strength, 


1000 Psi. 


Actual Yield Strength, 


native is to set up such a complex stress situa- 
tion within the sample itself. What are the 
possibilities? 

Stretching, as in a stretcher leveler, will leave 
only elastic microstresses within the sample and, 
apparently, these are not very effective in mask- 
ing the yield point. Roller leveling will intro- 
duce both microstresses and macrostresses, but 
because the latter are not very large, masking ot 
the vield point is short lived. In contrast, 
temper rolling can introduce elastic macro- 
stresses of considerable magnitude? and can, 
therefore, be very effective in masking the yield 
point, as shown by the fact that some temper 
rolled rimmed steels do not acquire a yield point 
for several months. Unfortunately, temper roll- 
ing is not always effective unless it is associated 
with large residual elastic stresses. This is indi- 
cated by the right-hand diagrams in Fig. 4. 

It might be postulated that those conditions 
which induce high residual stresses during 
temper rolling will also be most effective in 
masking the yield point in strain-aged steel, but 
it is important to realize that aging is not pre- 
vented or even retarded by residual stresses. 
This has been verified by holding tensile pre- 
strained samples under homogeneous elastic 
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When the stress is 
removed, the effects of aging are immediately 
observable in a tension test. Again, if the steel 
shown in the right-hand diagram of Fig. 4 is 
stretched 5%, the 


stresses for a month or so. 


ironed 
out and the stress-strain diagram of the freshly 
strained steel shows no upper and lower yie Id. 
On the other hand, if the latter is aged 30 days 
at room temperature, the yield point reappears. 

The effectiveness of temper rolling is not the 
same in all directions, differences being noted 
between the transverse and rolling directions. It 
can be said generally that the effectiveness of 
temper rolling will increase with (a) greater 
reduction, (b) rougher roll surfaces, (c) larger 
grain size, and (d) smaller roll diameters. If, 
however, strain aging does occur, it will be more 
serious the greater the amount of reduction. 
For example, although 5% reduction may be 
more effective than 1% in masking the yield point 
for a given aging time, it will usually also reduce 
the ductility of the aged steel to a greater extent. 


internal stresses are 


Future Developments 

Although a great deal of fine research has been 
extended on the quench aging of relatively pure 
iron alloys, there is little accurate information 
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about normal steels and irons. Even though it 
has been established that regular box annealing 
cycles are satisfactory for precipitation of carbon 
in normal steels, it is common knowledge that it 
is generally unsatisfactory for rimmed steels 
which contain nitrogen. It is time that we begin 
to tailor our annealing cycles to fit the precipi- 
tation kinetics of the deep drawing steels. 

Recent work by Frame and Schunk* has shown 
that annealing time and temperature for vana- 
dium-treated steel must be narrowly controlled 
to produce a successful nonaging steel. Similar- 
ly, it was established by Cottrell and Leak* that 
suitable quench aging treatments can be used to 
remove sufficient carbon from solution in iron 
to render it innocuous insofar as strain aging is 
concerned. 

It is most important to realize that rapidly 
precipitating phases can accelerate precipitation 
of elements which are soluble in these phases. 
This is well illustrated by Wert’s work! with 
Fe-C-N alloys. One of the drawbacks of that 
system is that Fe;C, which is the predominant 
precipitate during cooling from box annealing, 
does not have any solubility for nitrogen. How- 
ever, Nicholson® and also Morgan and Shyne® 
have pointed out that boron, which is readily 
soluble in Fe;C, may promote the solubility of 
nitrogen in that carbide. Perhaps here is the 
basis for entirely new annealing cycles to pro- 
duce higher quality deep drawing steels which 
do not exhibit strain aging — namely, controlled 
precipitation through alloying. 

Another signpost directing the metallurgist to 
a solution of the aging problem is the fact that, 
under certain conditions, the return of the yield 
point due to strain aging can be masked by 
residual stresses introduced during temper roll- 
ing. Residual elastic tensile stress exceeding 
10,000 psi. may be enough. To understand the 
significance of this statement, remember that the 
maximum observed increase in flow stress due 
to strain aging of low-carbon rimmed steel is 
about 9000 psi. 

Since temper rolling is a heterogeneous defor- 
mation process, it is not surprising to find a con- 
siderable variation in the degree of effectiveness 
of the various cold rolling procedures. If the 
temper rolling pass is light, the surface regions 
are deformed, whereas certain of the center 
regions remain largely undeformed. Such a 
material, if immediately pressed into a part, 
would not show stretcher strains, because the dis- 
locations in the deformed regions would be free. 
If this temper rolled sheet were stored and al- 
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lowed to age, the yield point might return in the 
deformed regions. 

Whether this will happen or not will depend 
upon the relative magnitudes of the residual 
stresses and on the increase in yield stress which 
occurs with time during aging.* 

If the residual tensile stress at the surface is 
only about 5000 psi., as shown by the right-hand 
diagram of Fig. 5, its benefit could soon be can- 
celed by the increasing yield stress at the sur- 
face. When the flow stress becomes approxi- 

mately the same throughout the sheet, the yield 
point can be observed again and stretcher strains 
can occur in a drawn part. 

If this simple explanation is correct, it is log- 
ical to conclude that, in order to mask the yield 
point indefinitely, the residual stresses must be 
greater in magnitude than the potential increase 
in yield stress. 

Temper rolling will introduce residual stresses 
of varying magnitude depending upon conditions 
in the temper mill, such as roll roughness, but 
it should be possible to introduce a certain speci- 
fied minimum residual stress. If this minimum 
is greater than the potential increase in yield 
stress due to strain aging, then the material will 
be “nonaging” in service. In other words a 
combination of controlled temper rolling with 
steels of restricted aging capacity may result in 
“nonaging” steels. At the same time, the fact that 
the degree of strain aging has been restricted by 
the alloying and annealing practice will elminate 
the other deleterious effects of aging — namely, 
increased hardness and reduced ductility. 

If this hypothesis can be substantiated, then 
the prospects of producing improved nonaging 
steels treated with boron or vanadium are greatly 


enhanced. 


*The top row of diagrams in Fig. 5 shows the 
pattern of internal stress, surface to center, in temper 
rolled sheet. Immediately after heavy temper rolling 
(left-hand diagram), the metal itself is fairly 
homogene ous, surface to center, has a yield of 30,000 
psi., and in no part would exhibit the upper and 
lower yield phenomenon. Obviously, however, 
since its surface layers are under about 12,500 psi. 
tensile stress (residual), a piece of metal in a tension 
test or a forming die would start to yield at the 
surface when an externally imposed stress of 17,500 
psi. had been reached (as shown in the lower 
diagram at left). The center set of diagrams shows 
how aging changes the pattern; the residual stress 
(shown at top) is unchanged with time, but the 
true yield increases in those portions which have 
been strained so the actual flow stress (shown at 
bottom) creeps up more at the surface than at the 
center which was not homogeneously deformed 
during the temper rolling process. 
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Staff Report 


Multilayer Nickel Coatings 


Ix 1947, Subcommittee II of A.S.T.M. 
Committee B-8 on Electrodeposited Metallic 
Coatings initiated a program of atmospheric 
exposure tests which had as its primary objec- 
tive a study of the relative durability of decora- 
tive copper-nickel-chromium versus nickel-chro- 
mium coatings on steel of bumper bar grade. 
Among the panels exposed in the marine atmos- 
phere at Kure Beach, S.C., were sets prepared 
with two layers of nickel. The first coating of 
Watts nickel was buffed and then a second 
identical coating was applied. Exposure tests 
for a period of three vears of samples with a 
total coating thickness of 0.001 in. and 0.0015 in. 
demonstrated that the corrosion protection of 
this nickel-buff-nickel coating was appreciably 
better than the equivalent thickness of a single 
nickel plate or a copper-nickel coating. 

These observations have resulted in modified 
plating techniques which promise to give com- 
mercial bright nickel-chromium electroplates of 
improved corrosion resistance. This point was 
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Duplex and multiplex systems 
for nickel plating hold promise 

of giving bright plated work 
with better corrosion resistance. 


(L17; Ni) 


brought out by Myron B. Diggin, vice-president 
and technical director, Hanson-Van Winkle- 
Munning Co., Matawan, N.J., in speaking at a 
Symposium on Nickel Plating held recently by 
the Cleveland Branch, American Electroplaters’ 
Society. Today's counterpart of these double 
layer deposits, according to Mr. Diggin, usually 
employs a duplex system using a semibright 
undercoating of leveling nickel, usually up to 
80% of the total thickness required, and 20% of 
the full-bright leveling nickel deposit as the top 
coating. A photomicrograph showing the con- 
struction of this type of coating is shown in Fig. 
1. It is possible to change the character of the 
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Fig. 1—Photomicrograph of 0.001-In. 
Nickel Plate on Bumper Bar Consisting of 
0.0008 In. of Semibright Nickel Followed 
by 0.0002 In of Full-Bright Plate. 750 >< 


deposit by changing plating conditions, such as 
agitation, for example. 

Duplex coatings are being used on steel auto- 
motive parts, such as bumper bars and grills, 
and give improved corrosion resistance over 


straight nickel deposits of equivalent thickness. 
Recently, duplex nickel deposits have been 
applied to copper-plated zine die castings with 
increased corrosion protection reported up to 
30% compared with equivalent copper and 
nickel thicknesses. 


Mechanism of Corrosion 


Mr. Diggin presented evidence to show that in 
duplex coatings exposed on atmospheric corro- 
sion racks, initial corrosion starts in the top 
coating which has a typical laminar structure. 
Small pores are formed which after several 
months penetrate to the semibright nickel under- 
coating which has more of a columnar structure. 
Then instead of corrosion proceeding through 
the undercoating to the base at a normal rate, 
the pores in the top coating become wider. In 
other words, corrosion proceeds laterally instead 
of downward until appreciable areas of the top 
coating have been corroded away. The top 
photomicrograph in Fig. 2 illustrates initial 
corrosion of the bright top layer. The lower 


micro, made after atmospheric testing for over a 
year, shows the undercoating exposed and _in- 
dicates that corrosion is proceeding laterally. It 
appears that potential differences in the two 
coatings lead to sacrificial action by the top coat 
in protecting the nickel layer underneath. © 


Fig. 2 — (Top) Corrosion has 
Started on the Outside Brig/it 
Coating of This Multilaye: 
Nickel Plate. (Bottom) After 
exposure of over a year, cor- 
rosion appears to be proceed- 
ing laterally through the out- 
side coating rather than pene- 
trating the coating thickness 
to expose base metal. (1000 ) 
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12-ton cast Nickel steel die produced by the Detroit Gray Iron Foundry 
Company, Detroit, Michigan. Die has sections up to 2 feet thick. 


Forms floor pans of “production-line”’ Fords... 


Big runs don’t faze deep- hardened 
cast Nickel steel die 


This cast Nickel steel die cold-forms 
heavy-gauge carbon steel sheets into 
floor pans for production-line Fords. 


This is grueling service: production 
runs of well over a million pieces. . 
severe abrasion . . . terrific impact. 


For this reason, Ford uses a deep- 
hardening nickel alloy steel. Nominal 
composition is 0.50 per cent Carbon 
.. . 0.60-0.75 per cent Chromium 


... 1.50-1.75 per cent Nickel. 
Nickel steels are just right 
for many applications 
For parts with massive sections, or 
variable sections, nickel alloyed steels 
offer high strength, hardness, tough- 
ness and wear resistance. Alloying 
with Nickel also permits satisfactory 
heat treatment to develop the full 

properties of the materials. 


A Nickel alloy steel—cast or wrought 
— may be the answer for your special 
service or fabrication need. If you'd 
like an Inco specialist to work along 
with you in selecting the right grade, 
just write. Include details. 


The INTERNATIONAL NICKEL COMPANY. Inc. 
67 Wall Street aiko, New York 5, N. Y. 


INCO NICKEL 


NICKEL ALLOYS PERFORM BETTER LONGER 
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Heat treated with AEROHEAT 1400, Nichromet V stands up 


to the toughest assignments. . 


. was chosen for the al 


important punishment-taking heating elements in the 
ultra-modern strip furnaces at the Carnegie-Illinois Steel 


Corporation’s Vandergrift plant. 


WHY DRIVER-HARRIS HEATING ELEMENTS 
RATE WORLD’S TOUGHEST ASSIGNMENTS 


The leading manufacturer of elec- 
tric heating and resistance alloys, 
Driver-Harris Company of Harri- 
son, New Jersey, knows the vital 
importance of selecting the right 
heat treating compound. That’s why 
the company chooses from Cyan- 
amid’s comprehensive range of 
AEROHEAT compounds to give each 
alloy its particular characteristics. 


Driver-Harris, for example, uses 
AEROHEAT 1400 in the manufacture 
of Nichromet+ V, universally recog- 
nized as the outstanding heat-re- 
sistant and corrosion-resistant al- 
loy. AEROHEAT 1400 plays a big 
part in giving Nichromet V its ex- 
+ T.M. Driver-Harris Co. 


ceptional uniformity, the ability to 
retain its physical and electrical 
properties at elevated temperatures, 
and the toughness to withstand the 
most punishing conditions. 
You too can upgrade your products, 
lower your costs with AEROHEAT 
Heat Treating compounds. For de- 
tails, just call your Cyanamid Metal 
Chemicals representative. 
Cyanamid’s heat treating com- 
pounds include: 
AEROCARB® Carburizing 
Compounds 
AEROCASE® Case Hardening 
Compounds 
AEROHEAT Heat Treating Salts 


Other products for metal process- 
ing include: 


AEROBRITE® Metal Processing 
Aids 


AEROSOL® Surface Active Agents 
AERO* Metallic Stearates 
AEROMET® Metallurgical Additive 
AERO* Calcium Carbide 


Acids, Alkalis and other Heavy 
Chemicals. 
American Cyanamid Company, Met- 
al Chemicals Section, 30 Rockefeller 
Plaza, New York 20, New York. In 
Canada: Cyanamid of Canada Lim- 
ited, Montreal and Toronto. 


* T.M. Cyonemid 


METAL CHEMICALS SECTION 
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Bausch & Lamb Salutes: 
R.D. Buchheit 

J.E. Boyd 
R.E. Gardner 


«.» Blue Ribbon Award Winners, 1956 A.S.M. Metallographic Exhibit 


BLUE RIBBON AWARD WINNERS 
for the best photomicrographs in 


their class—Messrs. Buchheit, Boyd 
and Gardner, Battelle Memorial 
Institute, Columbus, Ohio. 


THEIR AWARD-WINNING 
PHOTOMICROGRAPHS, MADE WITH 
BAUSCH & LOMB EQUIPMENT— 

“Ultrasonic Weld in Molybdenum." 


Bausch & Lomb Metallographs help industry 
be i. boost output and maintain quality by provid- 
ing detailed magnified images . . . visual or 
photographic . . . for routine work and ad- 
vanced research. 


500x ~ 


The B&L Research Metallograph is one of a complete line of metallographic 
equipments. It provides ready choice of four different views of the same sample .. . 
by bright field, dark field, polarized light, or phase contrast .. . 

ensuring complete identification. 

Find out how these faster, easier, completely dependable 
analyses can help you save on time and materials. Write for 
Catalog E-240, and for complete expert advisory service. 
No obligation, of course. Bausch & Lomb Optical Co., 
63830 St. Paul St., Rochester 2, New York. 


America’s only complete optical source... from glass to finished product. BAU SCH G LOMB 
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Successful Southwestern Congress 


Technical sessions at the &’s first Southwestern Metal Exposition 
in Dallas, Texas, May 12 to 16, included 28 topics suggested by 


a local committee and fell within three areas — Metals for the 

Astronautic Age, Forming and Fabricating Difficult Alloys, and 
Corrosion in Chemical and Petroleum Industry. The Society for 
Nondestructive Testing also held eight sessions on Principles, 


Methods and Equipment. 


Forvre METALS —In the opinion of Clar- 
ence H. Lorig of Battelle Memorial Institute 
(and vice-president @), we can not expect much 
more than we already have in alloys based on 
iron, nickel or cobalt. Our best chance lies in 
new alloys (bare or protected) of molybdenum, 
columbium, chromium, and possibly vanadium. 
Their potentialities now are only dimly known. 
Since strength at high temperature is roughly pro- 
portional to melting points, these metals should 
give strong alloys because they melt at 3400 
(for chromium) to 4750° F. (for molybdenum ). 
H. R. Ogden, also of Battelle, elaborated these 
thoughts, saying that the “space-age metals” must 
have a combination of properties difficult to 
achieve, such as oxidation resistance, high creep 
resistance at high temperature, be rolled into thin 
sheet, capable of being fabricated and joined 
into complex yet accurate shapes, and be reason- 
ably available. Some of these “pure” metals 
have been produced in commercial quantities so 
recently that their capabilities have not yet 
been explored, but major obstacles must be 
overcome, such as catastrophic oxidation of 
molybdenum, and brittleness of chromium. 
Protection of surfaces by ceramic coatings is 
a new yet very useful expedient, as indicated in 
a paper by Nathaniel Cannistraro of Bettinger 
Corp. Combustion chamber liners made of 
78-10 Ni-Cr sheet when burned out are being 
replaced with coated 25-12 Ni-Cr alloy; 


when 


the engine starts, this is heated to 1600° F. in a 
few seconds; thermal stresses are correspond- 
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All-in-all, an excellent program, 
the complete proceedings to be published shortly in a separate volume. 


ingly large. Another modern application is the 
narrow strips of aluminum oxide on the Explorer 
satellite. It has high reflectivity and keeps the 
instruments inside at normal temperature though 
in every 2-hr. circuit the outside varies from 
— 150” F. in the shade to +600° F. in the sun. 

The prime requirement of a coating is that 
it should slow down or prevent reaction between 
metal and the surrounding environment — usu- 
ally oxidation. This means generally that the 
coating should be a refractory oxide, of which 
there are many. Preferably the whole part 
should be protected after fabrication. Cleaning 
is essential; frequently a nickel flash then fol- 
lows. The coatings with binders are mixed into 
a thin slurry and a uniformly thin layer results 
from a simple dip. Then follows firing. Can- 
nistraro said that protected truck exhaust pipes of 
plain steel would outlast the truck engines. 

High-Quality, High-Strength Castings — A 
number of papers were read about metals for 
fast airplanes, principally by staff members of 
nearby Chance Vought Aircraft and Convair. 
Much of this was in addition to the information 
presented a year ago at the Western Metals Con- 
gress in Los Angeles and outlined in Metal Prog- 
ress for May 1957. 

John K. Dietz of Chance Vought said they 
were able to get high-quality castings by work- 
ing closely with the foundrymen, recognizing 
that chemical analysis should “balance” rather 
than crowd the composition limits, and insisting 
on lowest pouring temperatures and proper 
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gating. Certain compromises are necessary in 
surface smoothness and dimensional tolerances; 
also the inevitable solidification defects must be 
located in harmless regions. The rewards are 
constructional units of great complexity, high 
strength and minimum cost. 

Mr. Dietz said that deliveries of castings to 
modified 4340 analysis have consistently met the 
listed tensile properties. He holds AM 355 
in high regard for its high tensile strength (180,- 
000 psi.) at 1000° F., and said that the “toolsteel” 
alloy looks very promising. He estimates a 
potential annual market of $125,000,000 in this 
growing field. 

High-Strength Forgings — Apparently most of 
these are used at ambient temperature (as in 
landing gear) or certainly no higher than 600° F. 
The ones now being used are, according to Sey- 
mour Goodman of Chance Vought Aircraft, 4340 
or A.M.S. 6415, 4330 or A.M.S. 6427, Timken’s 
HS-220 or A.M.S. 6407, and Crucible’s Hy-Tuf 
or A.M.S. 6418. 

J. J. Russ of Steel Improvement & Forge Co. 
pointed out that considerable variation exists, 
ingot to ingot, and heat to heat. This is espe- 
cially true of the transverse properties desirable 
in many of the forgings, and is a weak spot in 
the otherwise desirable 4340 steel. He gave 
tables showing that the average elongation of in- 
gots of many heats (billets tested transversely) 
was somewhere around 7%, but many tests were 
below the desired 4% min. Transverse proper- 
ties and cleanliness are far better in vacuum cast 
ingots, as well as those made by consumable 
electrodes or by the Kellogg process*, but the 
small ingots now available limit the size of 
forging. Another point: Superalloys, useful at 
really high temperatures, forge with great diffi- 
culty —as might readily be predicted. 

Paul Kikeli of Cleveland Pneumatic Tool Co. 
said that all forgings must be sufficiently over- 
size for a machining allowance equal to the min- 
imum allowable distortion after heat treating 
plus the thickness of the inevitable decarburized 
skin. Since these parts are of complex shape 
and heat treated to C-52 or C-53, contour and 
profile machining is very costly in time and 
money, requires very rigid and strong fixtures, 
and frequent renewal of the carbide cutting 
tools. At times the machinist faces a dilemma — 
a necessary cutting speed may cause so much 
vibration and generate enough heat to prevent 
desired accuracy and surface hardness in the 
finished part. 

*See Metal Progress, December 1954, p. 81. 
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Sandwich Fabrication — Honeycomb construc- 
tion is a better name for composite panels with 
core made of corrugated narrow strips, on the 
order of 0.0015 in. thick, spot welded at the 
touching nodes. Overlaid on this is an outer 
skin, a sheet perhaps 0.008 in. thick, and an 
inner skin somewhat thinner. The problem is 
to make a good and uniform joint between skins, 
cores and edge members. 

According to J. C. Herr of Convair, the prime 
essential is cleanliness not only in preparation of 
the parts but also in their joining. In panels 
made of the high-temperature magnesium and 
aluminum alloys, bonding is by an organic tape 
or sheet which is really a thermosetting plastic. 
Under pressure of 175 psi. and 350° F. the tape 
flows, bonds the details together, and holds se- 
cure at any operating temperature up to 300° F. 

Panels of 17-7 PH, useful for much higher tem- 
perature, are brazed together in a properly 
shaped vacuum box (to give tight contact). 
purged of air and under partial pressure of 
argon. A silver-copper brazing alloy with lithium 
flux flows into the joints when the assembly is 
heated to 1675° F. It is then rapidly cooled to 
1400° F. and held there for the first step in the 
precipitation hardening treatment, cooled to 70°, 
the panel removed from the container, refriger- 
ated and aged. 

While it is common practice to attach test 
tabs to all panels, it is another thing to be sure 
that all metal in contact in the finished part is 
strongly joined. An X-ray will show that the 
braze is in the right place, but tells nothing 
about adherence. Recently “flash” testing has 
been introduced, wherein a 4-in. area is heated 
to 800° F. in 2 sec. by quartz envelope heaters 
and is rapidly cooled. Any buckling at that 
area, either of inner or outer cover, indicates 
insufficient bonding strength. Mr. Herr believes 
that a fast ultrasonic device with automatic 
recording equipment will soon be available to 
inspectors. 


Corrosion Problems 


The two meetings devoted to corrosion in the 
petroleum and chemical industries emphasized 
two facts—there is no panacea, either base 
metal or protective coating and, second, the tre- 
mendous importance of seemingly trifling dif- 
ferences in metals and environment. Wayne 
Friend of International Nickel Co. listed several 
variants of the stainless steels and the nickel- 
copper alloys where 1 or 2% of a third or fourth 
element would fit the alloy for specific environ- 
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ments. He also said that titanium could solve 
many tough problems. Apparently much atten- 
tion is now being turned to the corrosive action 
of sulphur compounds either in hot gases or in 
liquid solutions. Metallic sulphides, the prod- 
uct ef reaction, are voluminous, flaky and fusible. 

R. V. Comeaux of Humble Oil and Refining 
Co. favors ordinary carbon steel for refinery 
equipment handling solutions no hotter than 
450° F. and containing moderate amounts of 


Selecting the Best Methods 


Quality control in industry today uses all 
available methods of nondestructive testing; 
however, it’s important to choose the best test 
method for the job. This was the theme of an 
educational survey of the Society for Nondestruc- 
tive Testing as part of the technical meeting in 
Dallas. 

In outlining the uses for radiography, W. D. 


H.S. Baytown refinery uses very 
little high alloy; sulphidation of 
the plain carbon steel tubes, pipe, 
valves and vessels is minimized by 
ingenious design (to avoid swirl- 
ing fluids), careful operation (to 
prevent accidental temperature 
surges) and proper neutralizing 
with caustic and organic inhibi- 
tors (even diluting dangerous so- 
lutions with clear water). 

Much attention was also given 
at these sessions to nonmetallic 
protective coatings — of which the 
number seems to be legion. On 
one thing all speakers were in 
agreement —the absolute neces- 
sity of clean metal before apply- 
ing any coating. “Condition I” 
requires degreasing, neutralizing, 
pickling, washing, and then sand- 
blasting to “white metal” — the 
last step also giving the rough- 
ened surface necessary for “tooth”. 
Sand-blasting and final optical in- 
spection of the inside of a long 
piece of 1 to 3-in. pipe is quite a 
trick —to say nothing of difficul- 
ties of insuring continuous coat- 
ings at a joint of any kind. 

Good success was reported in 
protecting ordinary structural 
steel against sea water corrosion 
by zinc silicate, as described by 
Jack Eggleston of Vapor Honing 
Co. First the steel is sand-blasted, 
then a mixture of zinc powder and 
“liquid silicate” brushed or 
sprayed on in 1-mil. layer, a 
“curing agent” applied and pro- 
tected 2 hr. from water, As many 
layers as thought necessary are 
layed on and cured, after which 
a wear resistant overcoat — pre- 
sumably paint —is applied. 
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One of the interesting exhibits shown by the 247 firms at the 

First Southwestern Metal Exposition at Dallas was the “Plasmatron” 
made by the Giannini Plasmadyne Corp. of Santa Ana, Calif. It converts 
a flow of gas such as argon into a jet of plasma (free ions and 
electrons travelling at speeds corresponding to temperatures of 
from 8000 to 15,000° C.), With the help of magnetic forces similar 

to those used in equipment for studying the thermonuclear fusion of 
hydrogen, a sharp intense flow of energy is projected from a 

small nozzle. The illustration shows such a jet discharging into a 
chamber at low vacuum and heating the end of a graphite pencil — 

a test simulating conditions met by the nose cone of a transcontinental 
missile when it re-enters the atmosphere on its downward plunge. 


Kiehle, Eastman Kodak Co., pointed out that 
the assurance of soundness which this test 
method gives can result in the use of smaller 
parts in critical applications. Also weld inspec- 
tion can correct procedures to give optimum 
properties. 

Radiographic inspection of castings may re- 
sult in design changes to give a better part. 
Many castings are inspected before machining 
to avoid work on substandard parts. Radio- 
graphy has shown how to locate risers to elimi- 
nate shrinkage and to improve casting procedure 
for crankshafts. 

Fluoroscopy —W. R. Hampe, Westinghouse 
Electric Corp., Baltimore, Md., was emphatic: 
“Improvements in technique have increased uses 
for fluoroscopy in applications which have been 
limited to less desirable methods. It meets the 
requirements of modern production for an accu- 
rate, low-cost, nonrecording, high-volume means 
of internal inspection”. A limiting factor is 
comparatively poor sensitivity, due to limitations 
of some of the components, but Mr. Hampe be- 
lives that radiography can be approached by 
adhering to the basic factors which produce the 
best fluoroscopic image. 

Fluoroscopy is particularly successful in 
locating linear discontinuities. Because the in- 
spector can move the part, he can receive an 
image from several directions. Shrinkage may 
be seen readily if it is of the cavity type or of 
the coarse sponge variety—even microshrinkage 
can be picked up by experienced operators. If 
the inclusion has a preferred geometry which 
is hard to register on an X-ray plate, then fluor- 
oscopy may do the trick. 

Penetrant Inspection — Here reliability of re- 
production is essential; the result must be the 
same whether 100 or 10,000 parts are inspected 
—a point emphasized by John Harrer of Magna- 
flux Corp. as he described the more sensitive 
penetrants. Inspectors relying on penetrants are 
concerned with four main variables: (a) mate- 
rials; (b) techniques; (c) processing methods 
used on the part which may affect the test; (d) 
types of discontinuities. Another important 
point is what to do about defects when they 
are found. 

Sensitivity is a combination of many things, 
Mr. Harrer pointed out. Fluidity of the pene- 
trant governs the ability of material to enter fine 
defects. Enough material must remain on the 
surface to feed penetrant constantly into the 
crack. Vibration of parts under test by ultra- 
sonics is an improvement. 
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Eddy currents will reveal cracks, voids and 
fissures. In addition, the state of heat treatment, 
eccentricity of tubing, and thickness of coatings 
can be measured. Hamilton Migel of Magna- 
flux Corp. emphasized the importance of ac- 
ceptance standards. A reference method has 
been worked out whereby the part itself is used 
as the standard. Called the “Percent Ring 
Standard,” it uses eddy current instruments as 
important industrial inspection tools. Experi- 
ments showed that there is a very small per- 
centage difference in the total signals produced 
by similar parts in eddy current instruments. 
Acceptance limits may then be defined as an 
accurately calibrated fraction of this signal, and 
it may be as small as 0.1% of an absolute value 
set for a pedigreed sample. 

Ultrasonic Testing is being used by practically 
every industry manufacturing important parts, 
according to John Smack of Curtiss-Wright Corp. 
and P. K. Bloch of Branson Instruments, Inc. 

Although the trend is toward automatic in- 
spection, the quantity must be sufficient to justify 
the engineering and expense. 

Mr. Bloch emphasized that the resonance 
method is capable of high accuracy. Its three 
principal fields of application are (a) dimen- 
sional gaging; (b) detection of laminar discon- 
tinuities and (c) testing for lack of bond. For 
example, the nose cone of the Explorer was 
gaged before it was removed from the forming 
machine. 

Another use is to determine the thickness of 

hollow aluminum extrusions and of parts while 
they are being chemically milled. In corrosion 
surveys it can measure thickness of the remain- 
ing metal. 

Additional information on ultrasonic testing 
was provided by William C. Hitt of Douglas 
Aircraft Co., who told of a study to establish 
standards for ultrasonic testing of aircraft parts 
made of aluminum alloys, two titanium alloys 
and three magnesium alloys. Mr. Hitt urged 
engineers and others concerned with ultrasonic 
testing to secure a copy of the manual*. A new 
research project is being prepared to determine 
variables in 4130, 4340, and several stainless 
steels. It will be completed in about a year and 
will coordinate fatigue and tensile tests with 
ultrasonic response. So 


*WADC Technical Report 57-268, “Research and 
Development Leading to the Establishment of Ultra- 
sonic Reference Standards for Aircraft Materials”, 
It may be bought from Office of Technical Services, 
U.S. Dept. of Commerce, Washington 25, D.C. 
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Staff Report 


Tue sovet in Fig. 1 on p. 98 illustrates 
the principle back of a new method for anneal- 
ing cold rolled steel which its developers predict 
will save producers more than $2 per ton on 
products such as auto body stock. The arrange- 
ment shows a coil “opening” machine in process 
of rewinding a tight coil into an open coil 
prior to annealing. This permits hot gases to 
circulate completely through the coil giving 
faster heating and better uniformity. 

Key to the new annealing concept, which was 
worked out by Lee Wilson Engineering Co., 
Cleveland, is the method used to expand (open) 
tight coils, index them through successive fur- 
nace stations and rewind them into final tight 
form. The surface area of an opened coil gives 
200 to 1000 times the area for heat transfer 
compared with a tight coil. This gives anneal- 
ing that’s ten times the speed of a typical 4-stack 
system. The coils are partly heated by a 
recuperative system which transfers heat from 
coils being cooled to those being heated. By 
circulating 20,000 cu. ft. per min. of gas in the 
regenerative and cooling cylces and 40,000 cu. ft. 
per min. in the heating zones, a high degree of 
temperature uniformity is realized. The new 
system has been tested on a pilot-plant basis by 
annealing full-size coils which were shipped to 
auto companies for regular use. 

A tight coil from the cold mill is fed around a 
tension block and attached to the winding block 
on the expanded coil table. A nylon string is 
inserted at the top edge of the coil and the coil 
is rewound so that the string separates the 
individual layers of steel. After the coil is com- 
pletely expanded, the string is pulled out. By 
means of a special coil handler, the coil can be 
moved directly to the furnace or moved to a 
cleaning area where any oil may be removed 
by using exhaust gases from the heaters to 
vaporize it. 


The clean coil is placed on a special platform 
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New Method Speeds Annealing 


Coils of carbon steel from cold mill 


are rewound to provide space 
between laminations. This speeds up 
heating and cooling, improves 
temperature uniformity. 

A recuperative method salvages 
heat from cooling coils 

for use in preheating cold coils. 
The new system promises 

a significant reduction in 
annealing costs, say its developers. 
(J23; 1-55; ST, 4-53) 


straddling the coil handling car and driven into 
a purge chamber. After inert atmosphere gas 
or standard annealing atmosphere has purged 
the chamber, the coil-carrying car positions the 
coil and platform on the hearth. The car enters 
the chamber and the heating cycle starts. 
Figure 2 is a model of the furnace labeled to 
show heating and cooling operations. It illus- 
trates how the coils of steel are indexed around 
the rotary hearth in “lazy-Susan” fashion. The 
coil is heated by a recuperative system which 
transfers heat from coils being cooled to those 
being heated. Atmosphere gas picks up heat as 
it is pulled by a blower down through the cool- 
ing coil. These hot gases are transferred by a 
connecting duct to a cold coil, 
transmitted in the strip laminations. 


where heat is 
This first 
zone brings the temperature of the cold coil to 
about 450° F. in some 30 min. by using heat 
from the coil in the second cooling zone. 

Next the coil is heated from 450 to 900° F. 


by a_ second recuperative cycle. A_ blower 


located over a coil in the first cooling zone pulls 
gases up through it and directs them down 
through the strip laminations of the coil being 
heated in the second heating zone. 
the temperature equalizes in 


Thus, at the end of 1 hr.. 


Here again 
about 30 min. 
temperature of the 
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Heating Stations — In the first heating station, 
‘ atmosphere gas is circulated through a radiant 
tube heater with an output of 7,000,000 Btu. 
1) station. This station, and the one following it, 
i are served by a second heater with a capacity 
g additional heat needed to bring the entire coil 
§ to a uniform annealing temperature of 1320° F. 


i First Cooling 
Zone 
1320 to 950° F. Second (Final) 
Cooling Zone 
950 to 500° F. 


cold coil has been raised to 900° F. by using 
heat from coils that are being cooled. It is then 
moved into the first heating station. 


per hr. When the top edges of the coil in this 
station reach the required temperature, the coil 
is automatically indexed to the next heating 


of 1,200,000 Btu. per hr., which provides any 


This heating, or soaking action, is maintained in 
a second indexing station and the gases are 
circulated from the smaller heater through the 
second indexing station to the first indexing 
station. This provides opposite flow direction to 
the gases in each of these stations. 


Fig. 1—Model Arrangement Shows 
Tight Coil Being Rewound Into 
Open Coil to Permit Hot Gases 
to Circulate Completely Through It 


Cooling Zones — As already brought out, heat 
transfers from the coil in the first cooling zone 
to the one in the second heating stage. The 
cooling coil drops from annealing temperatures 
to about 950° F. and then moves to the second 
cooling zone where it regenerates heat for the 
fresh cold coil. This brings the cooling coil to 
the 500° F. range. It then moves into a cooling 
chamber which operates on the same atmosphere 
gas as the rotary hearth. Gas is circulated with 
a 20,000-cu. ft. per min. blower through a 
2,000,000-Btu. water tube-type cooler. Coil tem- 
perature drops to 250° F. and the coil is moved 
to the unloading station. It is then placed over 
a cooling grid, where air is drawn down through 
the laminations for cooling to room temperature. 

The next step is to rewind the expanded coil. 
The strip is fed over the tension roll and attached 
to the block on the tight coiling table. After 
rewinding the coil is ready for temper rolling. @ 


Fig. 2 — Coils of Steel Which Have 
Been Opened Are Indexed Around 
the Rotary Hearth in “Lazy-Susan” 
Fashion Through the Various Zones 
Indicated. A_ recuperative  sys- 
tem salvages hot gases from cool- 
ing coils for preheating coils 
just entering the annealing process 


300 to 1 F 1300° F. Stage 
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Processing With Continuous Heating 


The continuous furnace should be thought of as a processing tool. 


... an Economic Appraisal 


By FREDERIC O. 


HESS* 


Many factors in its design and operation require a realistic appraisal. 
For example, rating a furnace on fuel efficiency and fuel costs 
can be deceptive. Most continuous furnaces today are not single- ee. devices 


F we have observed that eco- 
nomic factors are not adequately considered in 
evaluating the performance of projects involving 
furnaces. One big reason why this is true is 
that the continuous furnace is not placed where 
it belongs —that is, in the classification of a 
processing tool. 

In other words, we contend that a continuous 
furnace is not just a brick-lined structure built 
to heat a material, and equipped with mechani- 
cal means to convey it. We have examples to 
show that rating a furnace on fuel efficiency and 
fuel cost can be deceptive; in fact, efficiency as 
applied to a furnace operation is totally miscon- 
ceived if restricted to the ratio of heat input and 
heat absorbed. It is done every day, yet no one 
of an automatic 
screw machine on the ratio of connected horse- 
power to average daily power consumption. 
One can justifiably est: ablish such “efficiency” 
ratios for a single-purpose operation as, for 
example, a compressor. But the facts are that 
most continuous furnaces today are not single- 
purpose devices, and should not be so considered 
and evaluated. 


would rate the performance 


Heating Blooms 


For the first example, we will examine the 
reheating of blooms in a steel mill. When roll- 
ing a large ingot into a bloom, the surface cools 
by radiation, as well as by frequent roll contact. 
Any attempt to finish roll this bloom into a 
product such as a railroad rail or bar would 


produce a defective product due to the non- 
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and this must be considered in their evaluation. 


(W20h, W27, 1-61) 


uniformity of heat distribution throughout the 


bloom during these final rolling stages. Con- 
ventional practice has been to remove the blooms 
from the rolling process, charge them into batch- 
type reheating furnaces, and reheat and soak 
them for 14 to 1 hr. Then this reheated bloom 
is taken from the furnace and placed back onto 
the rolling mill table for final rolling. This 
practice involves at least two handlings of the 
steel by a mechanical manipulator and a series 
of batch furnaces. In spite of the long heating 
times, this does not produce entirely uniformly 
heated blooms because they must rest on a 
furnace hearth during reheating. 

Figure 1 shows a continuous furnace between 
a blooming mill and a rail mill which performs 
this reheating at a production rate up to 198 tons 
per hr. The process is entirely automatic; the 
bloom temperature is controlled by a radiation 
pyrometer. if no bloom 
enters the line, the furnace automatically goes on 
low temperature setting. 


No labor is involved: 


The furnace is self- 
emptying, the bloom rolling on a conveyor. 

In Fig. 1, a bloom which has a cross section of 
9% x 11 in. is entering the furnace line. A 
reasonable value for the steel bloom, at this stage 
of processing, might be $38 per ton. This 
figures out to $7524 per hr., and for a 40-turn 
month, we arrive at a production value of $2,400,- 
000, which is more than 12 times the cost of the 
continuous reheating furnace line. The fuel 
consumption is 420,000 Btu. per ton, which 
calculates to a reheating fuel cost of 21¢ per ton. 


*President. Selas Corp. of America, Dresher, Pa. 


99 


Now, let’s look at the economics of this instal- 
lation. Our fuel cost amounts to less than 6/10 
of 1% of product value. For the 40-turn month, 
this represents about $13,300. These costs are 
obtained without heat recuperation. Suppose 
we add recuperation and increase our fuel ef- 
ficiency by 50% — an optimistic expectation. This 
would save $4440 per month but at a substantial 
additional equipment cost. More than three 
years would be required to pay for the recuper- 
ator cost from fuel savings — neglecting entirely 
the inescapable maintenance cost of recuperative 
equipment. 

Fuel efficiency is not of major consequence in 
the economy of this process, but material hand- 
ling is. It is generally agreed that today it costs 
about $2 to pick up a ton of hot steel, transport it 
100 to 150 ft. and set it down again. On this 
basis, eliminating two handlings, we save $396 
per hr., or pay for the new furnace entirely in less 
than 1'2 months, or 60 turns. After that, a saving 
of $4 per ton is realized from this “paid for” con- 
tinuous furnace, since the operating costs should 
certainly not be higher for the continuous fur- 
nace than they are for a battery of batch furnaces. 
Beyond this, a reheating time of 3 min. against 
¥%2 to 1 hr. at 2250° F. accounts for a scale saving 
of some 1%%, or 3 tons per hr., at $38 per ton. 
This means $36,680 per 40-turn month or three 
times the total fuel cost. 
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Fig. 1 — Continuous Reheating Furnace Links a 
Blooming Mill to a Rail Mill. It’s entirely auto- 
matic and can handle up to 198 tons per hr. 


Better Quality 


We could extend this study into better product 
quality because of more uniform bloom temper- 
ature, reduced grain growth, less decarburization 
due to short heating time, and many other factors 
of some consequence. But the facts given should 
suffice to substantiate our contention that, on 
projects of this nature, fuel efficiency alone is 
often inconsequential in comparison to other 
factors. Design considerations and quality of 
construction are also important. Production 
stoppages, due to mechanical or operational 
failure, totaling less than 30 hr., can result in a 
loss in product value equal to the total equip- 
ment cost. This means that, if continuous fur- 
naces are interconnected with mill or other proc- 
essing operations, reliability and performance 
must receive top consideration. 


Normalizing After Welding 


The equipment shown in Fig. 2 is similar to 
the bloom furnace but it was installed for an 
entirely different purpose. Management of a 
modern electric weld pipe mill wanted to normal- 
ize the pipe after welding to improve mechanical 
properties and to make the product suitable for 
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Fig. 2—Thi- Production Line Starts With 
Plate and in a Straight Uninterrupted Flou 
Automatically Forms, Welds and Normalizes 
Pipe, and, if Desired, Stretch-Reduces 


Extensive tests 
proved that short-cycle normalizing would give 
the desired properties; therefore, 


oil industry requirements. 


a continuous 
furnace line could be considered practical. 

The normalizing line is actually in the back- 
ground of the picture, while the furnace line 
(in front) of duplicate design heats the same 
pipe to 1800° F., the temperature required for 
the in-line stretch mill which follows. This one 
continuous production line starts with plate, and 
in a straight uninterrupted flow automatically 
forms, welds and normalizes pipe and, if desire od, 
stretch reduces the pipe to various smaller sizes. 

The normalizing furnace line in this particular 
plant shows a fuel cost of 39¢ per ton. Produc- 
tion amounts to 90 tons per hr. which, at that 
stage of processing, is valued at some $100 per 
ton, or $9000 per hr., or $72,000 per turn. Less 
than 40 hr. of production or of forced shutdown 
represents the cost of the continuous furnace. 
The fuel cost for heat treating is 4/10 of 1% of 
product value. Scale is of no consequence, as 
evidenced by the direct run into the reducing 
mill. Uniformity of treatment for every foot of 
pipe is assured because of continuous passage 
through identical furnace conditions. 
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Another installation in pipe processing is for 
making high-strength deep well casing. By 
precise heat treatment, it is possible to raise 
mechanical properties of low-alloy steels to a 
level which makes them suitable for the extreme 
demands of the pressures and depth of our oil 
wells. Casings having a tensile strength of 
110,000 psi. and as high as 140,000 psi. are 
produced on a continuous basis. 

The casing enters the furnace line, is heated 
to hardening temperature (1650°F.) and _ is 
Rapid rotation is 
applied during the entire forward movement to 
maintain straightness. 


then immediately quenched. 


Following the quench, 
the casing is drained of any residual quench 
water, and then tempered in a similar furnace 
line. Both heating processes are short-cycle and 
produce a fine grain structure with optimum 
mechanical properties. 

With this heat treatment, the value of the 
product is increased by some $50 per ton. The 
line is capable of producing 7 tons per hr. of 
medium-size pipe, which means a $350 per hr. 
net increase in value of a product which is worth, 
as it enters the process, $130 per ton, or a total 
of $910 per production hr. During a 40-turn 
month, an additional value of $112,000 is created. 
which is about one-fourth the total equipment 
cost. The total product value per month at the 
exit is more than the cost of the equipment. If 
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Fig. 3 — The Dotted Curve Shows the Heating Cycle 
Once Specified for an 18-In. Thick Die Block. 
The solid lines represent the heating operation 
now performed on the same block. The cycle was 
cut to one-sixth the time formerly required 


this is contrasted with the first example (bloom 
reheating line), where product value per month 
was more than 12 times the furnace cost, the im- 
portance of complete economic evaluation can 
be appreciated. Here again, fuel cost is a minor 
factor in relation to product value; many other 
items enter into processing costs. 


Fast Heating of Die Blocks 


Past experience seems to have established 


certain facts about heating potentials, which 
were accepted as rules and basic standards of 


design. 


For example, large steel sections such 


as die blocks could only be heated at certain 
rates. To be specific, 1 hr. per in. was the rule 
for heating steel to forging or rolling tempera- 
ture. Unfortunately, such “experience rules” 
were based on a misinterpretation of results and 
facts. Nonuniform heating techniques were 
translated into metallurgical results and retarded 
progress. 

The dotted curve in Fig. 3 shows the heating 
cycle once specified for an 18-in. thick die block. 
The solid lines represent the heating operation 
now performed on the same die block. Thou- 
sands of tons of first-quality blocks have been 
produced at one-sixth the former operating cycle. 
One furnace produced the same tonnage as 
formerly came from seven furnaces — with less 
fuel, less scale, less labor and less material in 
process. The reason: uniform heating and pro- 
gram control regulated for heat absorption 
capacity and maximum permissible temperature. 
Here, fuel cost is about $1.80 per ton, but product 
value in six turns exceeds the cost of the furnace, 
and one spoiled furnace charge is worth more 
than 60 times the total fuel cost. 

The same point is proven with roll hardening 
furnaces, which carry out the hardening cycle 
in 2 to 4 hr. at only 85¢ per ton fuel cost. In 
this example, one single charge, a 54-ton roll, is 
worth far more than the furnace equipment. No 
wonder then that uniformity of heating, control, 
surface effects, maximum temperature and heat- 
ing rates are factors which must be well coordin- 
ated to protect such a valuable charge. 


Fig. 4— Extrusion Billets Are 
Hung on Welded Studs and 
Carried Through the Furnace 
by a Continuous Conveyer at 
the Rate of 8 Tons per Hr. 


METAL PROGRESS 


600 Surface 
Center 
> 1200 
800 
4 
400 
4 
4 
if 
3 _ 
: { ‘ 
; 
102 


Fig. 5 — Schematic Layout of 
Equipment for Continuous 


Annealing of Steel Strip. In 


one single downward pass, the 


strip is heated to annealing 
temperature It then enters 
two controlled cooling sections 


j 
Heating Furnace Section Section i 


in 
Driven 


Rolls 


LL Water Jacket 


Temp 2-4 


The benefits of continuous heating carry over 
to heavy sections. The steel and alloy billet 
heating furnace shown in Fig. 4 provides a 
good example. For fast and uniform heating, 
the billets are hung on welded studs, and carried 
through the furnace by a continuous conveyer, 
at the rate of 8 tons per hr. The billet touches 
no wall or hearth, and thus is in an ideal position 
to be heated uniformly — a basic requirement for 
the extrusion process which follows. Actual 
heating is done by radiant burners in the side- 
walls; only the products of combustion — no 
flames —are inside the furnace chamber sur- 
rounding the billet. Radiation supplies 80% of 
the heat. The product value in 7 hr. of operation 
at rated capacity represents more than the cost of 
the furnace — due to the high price of the ex- 
truded alloys. The furnace is only a small part of 
the total installation —far less than 10% — but 
variation of a few degrees in billet temperature 
will cause the product quality to be outside com- 
mercial dimensional tolerances 


Continuous Annealing 


Going from heavy sections to light sections, 
we also find radical departures from conventional 
practices and concepts. Continuous bright an- 
nealing of steel is now an accepted process. To- 
day, it is in operation at speeds up to 1000 ft. 
per min. on steel strip 0.010 in. thick by 48 in. 
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‘These 


installations require a high capital investment, 


wide, with higher speeds contemplated. 


$1,500,000 or more 


, but are being justified pri- 
marily because of product improvement. 


When 
tin-plate stock is annealed in coils or sheet packs, 
long annealing cycles (up to 200 hr., 
on size of charge ) 
the coil. 


depending 
are necessary to penetrate 
This means there is an appreciable 
difference in time at temperature between the 
center and outside of the coil. In the continuous 
process, the time cycle has been reduced to 4 sec. 
heating and 45 sec. cooling; each foot of strip 
goes through identical treatment conditions. 

The more uniform product is beneficial to 
uninterrupted operation of high-speed can ma- 
chinery. Also, this fast treated steel is harder by 
our hardness test methods than conventionally 
annealed strip. Yet contrary to “the book”, this 
harder steel has better deep drawing qualities 
which, with its increased stiffness, permits the use 
of lighter gage steel for tin cans and containers. 
The continuous furnace thus gives a result con- 
siderably beyond mere heating to annealing 
temperature. 

The equipment arrangement is illustrated in 
Fig. 5. In one single downward pass the strip is 
heated to annealing temperature. The furnace 
unit is direct fired, that is, the strip is exposed 
to the products of combustion issuing from the 
radiant burner panels — yet, again contrary to 
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Fig. 6 — This Automatic Heat Treating Machine Austempers 
5000 Small Parts per Hr. for Use in Business Machines 


expectations, by control of the combustion pro- by side, in one plant. One of these lines has 
cess and by using only seconds of heating time, — produced an average of 17 tons per hr. during a 
no oxide is formed. The strip then enters a slow month. On this basis, one such line ( which is not 
cool section which employs a nonoxidizing at- the highest speed line in operation) has the 


mosphere. There are four lines like this, side | capacity to handle, conservatively, a product 


Fig. 7—This Battery of 
Seven Pyrolysis Furnaces 
Cracks Hydrocarbons to Give 
Ethylene. Also shown is close- 
up of individual furnace. 
Hydrocarbon feed stock en- 
ters the tubes in the narrow 
top section where it is pre- 
heated by waste gases. Crack- 
ing takes place in the center 
row of radiant burners, 
spaced to give a_ precise 
time-temperature relationship 
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value of over $800,000 per month, which is almost 
double the cost of the continuous furnace equip- 
ment. The fuel cost for this production amounts 
to $9400 per month — which, with a minor ad- 
dition to the existing equipment, can be lowered 
to less than 1% of product value. Value of prod- 
uct alone represents over $1200 per hr. Again, 
this puts emphasis on simplicity and reliability of 
the equipment for any continuous operation. 


Business Machine Parts 


A relatively small production line for heat 
treating typewriter or calculator keys is shown in 
Fig. 6. The parts are small, precise steel stamp- 
ings which cannot be distorted during heating 
and handling. They must be clean for tumbling 
and plating —the last steps in the production 
process. Any attempt to straighten faulty parts 
has proven uneconomical. 

This continuous automatic heat treating ma- 
chine can produce 5000 keys or levers per hour 
which, at this point, are estimated to represent a 
product value of $120,000 per 40-turn month. 
This is about 1'2 times the equipment cost with a 
fuel cost of a little over $400. If the fuel cost 
were entirely eliminated, it would have less in- 
fluence on the sales price of the product than a 
spoilage of but 500 keys of the total monthly 
production, or only 6 sec. out of 320 hr. of 
monthly production. 
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Pyrolysis Furnaces 


As a last example of the design of a continuous 
furnace and its economic implications, let's leave 
the metals industry for the petrochemical field. 
Here we can illustrate why increasing attention 
is being paid to the optimum mechanical proper- 
ties of metals, and also we can show the striking 
effects of controlled heat processing cycles. 
Ethylene is the raw material for the versatile 
plastic, polyethylene. Figure 7 shows one plant's 
battery of seven identical heating units which are 
called pyrolysis furnaces because by heat appli- 
cation, a pyrolytic cracking of hydrocarbon feed 
stock takes place. 

The feed stock enters the tubes in the narrow 
top section where it is preheated by waste gases. 
Cracking takes place in the center row of hori- 
zontal tubes in the furnace chamber fired by 
multiple rows of radiant burners, spaced to 
produce a precise time-temperature curve of the 


material passing through the bank of 6-in. diame- 
ter alloy tubes. There are about $500,000 worth 
of alloy and steel tubes in these heaters. Im- 


proper heating will shorten their life and require 
frequent replacement. Since the product is 
worth about $130,000 per day, any shutdown for 
tube replacement is an expensive operation. 
Shutdowns can also be caused by coking inside 
the tubes because of improper cracking, largelv 
due to improper time-temperature cycle or local 
overheating of tubes. 

The net increase in product value, or the dif- 
ference between the value of charge stock and 
value of products after allowance of all operating 
cost and charges, is in the order of $50,000 per 
day. It is no wonder then that operators are 
concerned about high-quality tubing, sound fab- 
rication and precision control. The design here 
plus sound operation extended the continuous 
operating periods of a heater from about one 
month to three months, and this improvement 
alone pays the furnace cost in less than one year 
of operation. 

Split seconds at temperature are of critical in- 
fluence in the conversion of the hydrocarbon 
molecules from a relatively low-value charge 
stock to different high-value products. Basically 
in metal heat treatment, too, we are dealing in 
molecules. These molecules also are influenced 
not just by temperature, but by a time-tempera- 
ture cycle. Future research can teach us much-— 
if we approach it open-mindedly with a desire 
to investigate all phases of heat processing in- 
stead of heating only. ] 
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Fig. 1 — Steering Cams Are 
Strung on Rods, Then Sus- 
pended From a Cast Alloy 
Fixture for Carburizing 


Cast Alloy Fixture Has Long Life in 


Ross cear & toot co., Lafayette, Ind., 
carburizes 300,000 to 400,000 Ib. of steering 
assembly parts each month. Of all the parts that 
go through the carburizing cycle, the worm-type 
cam is handled in greatest volume. The cams are 
made of alloy steel bar stock, $.A.E. 8620; some 
1500 Ib. per load are strung on rods and sus- 
pended from the cast heat resistant alloy fixture 
as shown in Fig. 1. Vertical suspension of these 
parts must be maintained by the fixture through- 
out cycles of long exposure to high temperature 
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and thermal shock during sudden quenching. 
The fixture must not distort under these operating 
conditions. All parts carburized at Ross are 
suspended from this special fixture. 
Carburizing Cycle 

At the start of the carburizing cycle, the fixture 
with the cams is lowered (Fig. 2) into one of 
four radiant tube, pit-type controlled atmosphere 
furnaces (built by Surface Combustion Corp., 
Toledo, Ohio). About 2% hr. is required to bring 
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Fig. 2 — Cams and Fixtures Are Lowered 
Into the Controlled Atmosphere Carbur- 
— Furnace. All parts to be carbur- 
ized go through the same type of fur- 
nace, suspended from this special fixture 


The Problem: Find a heat treating 

fixture to support 1500 Ib. of steering 

gear parts during repeated carburizing 

and oil quenching. .The Solution: 

A unique fixture design, utilizing Alloy 
Casting Institute Type HT heat resistant 
castings. (W27p, 17-57, J28g; SGA-h, Ni, Fe) 


Thermal Shock Service 


By E. A. SCHOEFER* 


the furnace and load up to heat; in a typical 
cycle, the cams are held at 1700° F. for 8% hr. 
The furnace temperature is then lowered to 
1575° F. and held for 1 hr. to equalize the work 
temperature. During the entire furnace cycle, a 
carburizing medium consisting of 265 cu.ft. per 
hr. of an enriched RX atmosphere (CO:, less 
than 0.1%; CO, 18%; CH,, 2%; Hs, 42%; dew 
point about + 10°F.) is used; this includes 
15 cu.ft. per hr. of natural gas. After removal 

*Executive Vice-President, Alloy Casting Institute, 
Mineola, N.Y. 
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from the furnace, the work and the fixture are 


direct quenched in oil. 

The heat treating operation is designed to 
obtain hardness of Rockwell C-58 to 63, and a 
minimum case depth of 0.045 to 0.075 in., de- 
pending on the size of the part. Because the 
cams are critical to the proper functioning of the 
steering assembly, they are given a 100% hard- 
ness test. 


Fixture Design 


Since the fixture (Fig. 3) on which the work 
is suspended goes through the same cycle as 
the cams, it must resist the high temperatures 
and thermal shock of quenching. The fixture is 
designed as a group of individual “leaves”, 
loosely pinned together through box members 
in the form of a flexible grid. The leaves — some 
as long as 39'2 in. — are cast of Type HT alloy 
(Alloy Casting Institute designation) which is 
nominally 35% Ni, 15% Cr, about 0.50% C, and 
the balance iron with small amounts of silicon 
and manganese. 

During the heat treating cycle, the leaves rest 
on a Type HT alloy casting which serves as a 
support ring in the furnace. The high-alloy cast 
leaves in the fixture have sufficient strength to 
sustain the load without need for bracing which 
would cause distortion from thermally imposed 
stresses. The slotted hollow box members, also 
cast of Type HT alloy, serve as spacers to keep 
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the leaves properly positioned laterally while 
permitting them freedom to expand longitudinal- 
ly. These castings also act as girders to support 
the leaves when the load is lifted from the 
furnace for transfer to the quench tank. This 
articulated construction has the added economic 
advantage of prolonging service life of the fixture 
since individual components can be replaced if 
necessary. 

Type HT cast alloy is specified for the fixture 
because of its resistance to carburizing atmos- 
pheres and its ability to withstand thermal shock 
without severe distortion. At about 1700° F. in 
air, for example, steel corrodes more than 500 
times as fast as HT alloy. Most other alloys with 
comparable corrosion resistance are not as strong 
or do not resist thermal shock as well. Of the 
usual heat resistant alloy grades that have good 
thermal shock resistance and are economically 
suitable for this design, Type HT is the strongest 
at the operating temperature of 1700°F. Cast 
Type HT has about double the strength of the 
comparable wrought alloy (Type 330 stainless 
steel) at this temperature. 


Furnace Castings 


The pit-type carburizing furnaces (Fig. 4) are 
heated by gas-fired radiant tubes. No muffles 
are required, which means maximum charge per 
load is attained. This type of furnace also allows 
vertical suspension of cams. A single furnace 
uses 16 U-shaped cast high-alloy radiant tubes, 


Fig. 3 — Heat Treating Fixture of Cast Type HT 
Alloy Used to Support Steering Gear Parts Dur- 
ing Carburizing. The cast “leaves” are pinned 
together to form an articulated grid, and 
can be replaced individually, when necessary 


each of which weighs about 40 lb. At the 
bottom of the furnace, a six-blade cast high- 
alloy fan circulates the carburizing atmosphere, 
for uniform heating of the charge and close 
control of temperature, 

Since moderately increased carbon content 
does not significantly affect its high-temperature 
ductility, cast HT alloy is especially useful in 
carburizing operations. By increasing the silicon 
content to 1.6%, additional protection against 
carburization is possible. S$ 


Fig. 4—During the Heat 
Treating Cycle the Leaves in 
the Fixture Rest on an HT 
Alloy Casting Which Serves 
as a Support Ring in the 
Furnace. The furnace is 


heated by 16 U-shaped ra- 
diant tubes, and the atmos- 
phere is circulated by a 
six-blade fan. Both the tubes 
and the fan are made of 


Type HT cast high alloy 
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Many believe that if future nuclear tests can be 
banned for a definite time, we would be making a 
good approach to the larger problem of international 
disarmament. The questions then would be, “Could 
such an agreement be adequately monitored? How 
can you know when and where a nuclear explosion 
occurs?” The following bears on those questions. It 
is an extract, with permission, from “Detection of 
Nuclear Weapons Testing”, by Jay Orear, assistant 
professor of physics, Columbia University, in Bulletin 
of the Atomic Scientists, March, 1958, p. 98. Prof. 
Orear notes: “Since I have no access to classified 
material, I am in the fortunate position of being free 
to say anything.” 

APPARENTLY, nuclear explosions can be made 

of any size—roughly, “large” (fusion), 
“nominal” (fission —a Hiroshima-type bomb of 
about 20,000 tons TNT equivalent), a “subnom- 
inal” (down even as small as a firecracker ). They 
may be tested anywhere — far above the atmos- 
phere, within the atmosphere, at ground level, 
under water, or far underground. Since many of 
the Nevada tests are “subnominal” (1000 to 3000 
tons TNT equivalent), one concludes that low- 
vield tests are useful modern weapons; any agree- 
ment and monitoring system should include them. 

Four effects of atomic explosions have been 
used for detection: Electromagnetic radiation 
(visible light and radio noise), waves of air 
pressure, seismic waves, radioactivity in the air. 
The third will detect deep underground tests. 

Detection of the visible light at distances up 
to within 300 miles is quite simple. One merely 
points a photocell at the sky; anytime of day or 
night a distinct light pulse will be observed. The 
same mechanism which gives twilight when 
the sun (or bomb) is below the horizon will 
give a glow in the sky due to the nuclear explo- 
sion. Because of the large number of photons 
involved, one can detect light pulses of very 
small intensity. 

If the explosion is well above the atmosphere, 
the shape of the light pulse will be different, but 
there will still be plenty of visible light generated 
when the X “rays hit the upper atmosphere. 

Waves of air pressure (acoustic waves) can be 
detected by sensitive microbarometers. Data 
from several stations locate and time the test, 
and also measure the size. Except for deep 
underground explosions, very high altitude tests, 
and tests of subnominal yield, nuclear tests can 
be so detected at very large distances. 

All tests, whether underground or not, cause 
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seismic waves which can be detected up to a 
certain distance by seismographs. These tech- 
niques tell the location and time of the explo- 
sion, and determine its size if underground. 

As with the acoustic wave, the seismic wave 
cannot be detected at large distances for sub- 
nominal tests. For example, the underground 
Nevada test of 1957 (1000 to 3000 tons TNT 
equivalent) was not detected in the eastern 
United States. However, it was detected 300 
miles away and the signals can be distinguished 
from natural earthquakes: The blast gives a sharp 
longitudinal pulse, while an earthquake gives 
a signal of much longer duration, predomi- 
nately transverse, and from a deep source. 

Radioactivity — Considerable publicity has 
been given the analysis of air streams for unusual 
radioactivity. While future bombs may emit 
no radioactive elements, “100% clean” is a prac- 
tical impossibility. There is sufficient neutron- 
induced activity in the bomb shell and atmos- 
phere to detect — except in deep underground 
tests. Because of the rapid decay of these mini- 
mum radioactive products, detection would be 
difficult more than 1000 miles away. 

Detection program — Even tests which could 
escape detection outside the U.S.S.R. could be 
detected if about 25 ground monitoring stations 
(with heliometers, barometers and seismographs, 
continually recording) could be uniformly dis- 
tributed over the Soviet Union. Then any test 
would be within 300 miles of at least one station 
and usually be within 500 miles of four stations. 
This would make it practically impossible to 
violate an agreement which suspends the test- 
ing of all nuclear weapons unless they are within 
an order of magnitude of conventional weapons. 

The objection that these minimum monitor- 
ing conditions would interfere with a nation’s 
internal security is not valid — provided the U.N. 
personnel are confined to a monitoring station 
located in civilian territory. Adequate inspec- 
tion can therefore be provided without inter- 
fering with a nation’s internal security. Appar- 
ently Russia recognizes this feature of a test-ban 
agreement, since it was the Soviet delegate who 
proposed scientific control posts. Whether this 
means that 22 stations in the U.S.S.R. would be 
acceptable is unknown. Apparently the Western 
delegates did not try to determine just what 
would be acceptable. 
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Statf Report 


Pulse of the Nation’s Welding 


The metal joining field bristles with problems. 

Workers are seeking a better understanding of porosity. 

brittle fracture, residual stress, and the mechanism of brazing. 
These and other matters, including a look at the Welding Show, 
are summed up in this report. (K-general) 


From THE ANNUAL MEETING and show of 
the American Welding Society, held April 14 to 
18 in St. Louis, Mo., several trends emerge: In 
technical sessions, much emphasis was placed 
on the problems of porosity, strength and duc- 
tility, brittle failure, brazing metallurgy, and 
nuclear energy applications. Highlights of the 
show included a contour welding device, new 
types of semiautomatic welding units, several 
flux-cored electrodes, and a magnetically coated 
electrode combination. 

Porosity — Five papers were concerned with 
porosity ‘and several others mentioned it. A 
paper by William Green, M. F. Hamad and Roy 
McCauley (Ohio State University), “The Effects 
of Porosity on Mild Steel Molds”, took an em- 
pirical approach. Essentially the authors meas- 
ured porosity as a percentage of total cross 
section and then proceeded to test various per- 
centages by tensile, bending and impact tests. 
Results indicate that the cross sections of the 
welds tested could be reduced by porosity up 
to 7%, without materially changing the mechani- 
cal properties. The authors claim that shape and 
distribution pattern of the pores do not cause 
significant differences. 

A problem often encountered is open void 
porosity or “leakers” in welded joints. Defects 
of this nature are especially serious in con- 
tainers and pressure vessels. Quite often the 
source of trouble can be traced to electrode 
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composition or coating. James T. Lapsley, Jr. 
( University of California), in his paper, “Effects 
of Ste elmaking Practice on Submerged-Arc Weld 
Porosity”. took a searching look at the problem 
from the standpoint of materials used. Low- 
carbon steel representing four openhearth de- 
oxidation practices (aluminum-silicon semikilled, 
silicon semikilled, aluminum capped and me- 
chanically capped) were studied. These were 
submerged-are welded following recommended 
procedures. Welds were radiographed and the 
porosity was evaluated by A.S.M.E. boiler code 
standards. Although porosity varied with de- 
oxidation practice, it was, on the average, less 
than porosity caused by inferior weld prepara- 
tion. All heats display ed greater pore formation 
in butt welds made from as-rolled, sheet edge 
material in contrast to butt welds from material 
having edges sheared or slit from sheet. (This 
could be significant in welding tube out of skelp. ) 

Contamination — It is well known that atmos- 
pheric contamination of the molten weld metal 
will cause serious porosity. Fred R. Collins 
(Alcoa Research Laboratories) discussed the na- 
ture and causes of weld porosity in his paper, 
“Porosity in Aluminum Alloy Welds”. He meas- 
ured contamination by adding (in separate 
tests) measured amounts of oxygen, chlorine, 
nitrogen, hydrogen, carbon monoxide and sev- 
eral other gases to the argon shielding gas. Only 
oxygen and chlorine were effective in reducing 
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Fig. 2—A Streamlined, Hand-Held, Semiauto- 
matic Welding Gun. Shielding gas and elec- 
trode wire are fed simultaneously from the 
nozzle. Drive rolls and wire supply are con- 
tained in the gun. The loaded gun weighs 
about 4 lb. (Courtesy Air Reduction Sales Co. 


verse cracks were discovered running directly 
through pores. The welds were made with an 
inert-gas, tungsten-arc welding unit. Although 
Fig. 1—At the Torch Nozzle, the Magnetc Field Sur- _ the authors did not establish with any degree of 
rounding the Welding Wire Magnetically Attracts the 
Flux to the Wire. Simultaneously the CO: shielding 
gas emerges from the nozzle. (Courtesy Linde Co.) 


certainty the mechanism of cracking, they were 
able to eliminate the problem by changing to 
an inert-gas, metal-arc welding unit, using vari- 
ous combinations of filler wire. This led them to 


porosity. The other gases either increased conclude, somewhat obviously, that the cracking 
porosity, gave poor wetting action, or caused must have been caused by some inherent char- 
excessive oxidation. Additions of oxygen up to acteristic of the tungsten-are process. 
about 2% decreased porosity slightly and in- High-Nickel Alloys — More help on porosity 
creased penetration, but increased surface oxide. problems come from the paper “Control of 
Chlorine, in additions up to 0.10%, decreased Porosity in High-Nickel Welds”, by George 
porosity but it is corrosive and may cause opera- Pease, Robert Brien and Pierre Le Grand (In- 
tor discomfort. ternational Nickel Co.). The authors found that 
Additional tests made on artificially gassed certain gases are pore formers, and established 
plates were compared with thoroughly degassed __ the extent of their damaging influence. They 
samples. Welds in degassed plates were sound; _—_ gave a few good rules to follow in order to avoid 
those in artificially gassed samples were porous. contamination. 
This seems to bear out the supposition that weld Of several gases studied, nitrogen was the 
porosity was caused by agglomeration in the most potentially damaging to the soundness of 
weld area of gas contained in the artificially high-nickel alloy weld deposits. As little as 
gassed parent metal samples. 0.1 to 0.2% will induce traces of porosity. 
Mr. Collins also investigated various mixtures Chromium-bearing high-nickel alloys were rela- 
of inert gas. His opinion: Mixtures of 65% he- tively immune. Carbon monoxide was the sec- 
lium, 35% argon gas produce a more stable are —_— ond _potential source of unsoundness. Additions 
than either pure argon or pure helium. He above 5% damaged Monel and nickel welds, but 
finally cautioned that no good welds can be had no effect on Inconel. Oxygen additions of 
made on dirty or oily aluminum plate— good 6% caused porosity in Monel and nickel. Carbon 
advice any time. dioxide vigorously attacked the tungsten elec- 
In their presentation, “Cracking Associated trode. The authors conclude that welding pro- 


With Porosity in Titanium Welds Over 0.125 In. 
Thick”, Robert Olsen and James Gates (North 
American Aviation Co.) related cracking to 
porosity when a number of microscopic trans- 


cedures are important for porosity-free welds. 
Even though inert gases used are of maximum 
purity, it is imperative to use a short are and an 
ample flow of gas. 
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Strength and Ductility — There is a need for 
a better understanding of the fundamentals of 
strength and ductility and of the mechanism of 
brittle failure. A number of papers dealt with 
problems in these areas. In some instances, 
authors only discussed the properties and defects 
of the weld deposits; in other papers the empha- 
sis was placed on properties and defects in un- 
welded material. 

In “A Study of the Factors Effecting the 
Strength and Ductility of Weld Metal”, C. Mar- 
vin Wayman (University of Illinois) and Robert 
D. Stout (Lehigh University) were looking for 
fundamental answers, particularly for steels. 
Early in their study, they established that weld 
properties are independent of process, and that 
variations in current, voltage and travel speed 
may be considered as one variable, the energy 
input. Stronger, less ductile welds were pro- 
duced at low values of energy input, while at 
high energy input the inverse was true. Pre- 
heating up to 800° F. had little effect on the me- 
chanical properties. 

The authors studied the effect of carbon con- 
tent by depositing weld metal in ingot iron, 
A 212 steel, and eutectoid steel. The yield and 
ultimate tensile strengths increased with in- 
creased carbon content, and the yield ratio de- 
creased slightly at all carbon levels. The authors 
established experimentally (by comparing the 
effect of restraint on similar welded steel and 
welded copper-base plates) that the presence of 
plastic strain during cooling is responsible for 
the intrinsically high yield strength and _ ratio 
in weld metal. 

In his paper, “Effect of Welding Speed on 
Strength of 6061-T 4 Aluminum Joints”, William 
L.. Burch (Bell Aircraft Corp.) took a long and 
hard look at this important variable. He con- 
cluded that welding speed is the most signifi- 
cant factor influencing strength; as the speed 


Flux Adheres 
to the Wire 
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Fig. 3—Setup for Submerged-Arc Weld- 
ing of Uranium. Plate was welded using 
d-c. straight polarity, 500 amp. and 28 
to 30 wv. The 3/16-in. consumable 
uranium electrode was coated with silver 


increases, the strength increases rapidly up to a 
certain point, after which improvement is slight. 
He related welding speed to heat input. This 
relationship shows why joint strength improves 
with higher speed. Heat input expressed as watt 
seconds per inch of weld at low speeds was very 
Fig. 4—Microstructure of the Weld and 
Parent Uranium Metal. Large carbides are 
plainly visible in the parent metal, while in 


the weld metal the carbide particles have 
been broken up, perhaps by arc energy force 


METAL PROGRESS 


’ Welding Wire 
J Flux and eli 
Nozzle 
Gas 
| } Slog—__ 3, 
| 


high, but, as the speed was increased, the input 
dropped sharply, then leveled out at high speeds. 
Result: the plate and jig remain relatively cool 
and quench the heat-affected metal more rapidly. 
Mr. Burch also studied the quenching effect of 
the jig. Conventional water cooled jaws gave 
the highest strengths, but even when the base 
plate was insulated from the jaws so that the 
quench effect was achieved by the base plate 
alone, strengths were still held within acceptable 
limits. 

Brittle Failure—A team of scientists, R. P. 
Sopher, P. J. Rieppel, D. C. Martin (Battelle 
Memorial Institute) and A. L. Lowe, Jr., (Bab- 
cock and Wilcox Co.) are continuing their study 
of the fundamental causes of brittle fracture. 
Their paper, “Evaluation of Weld Joint Flaws 
and Reinitiating Points of Brittle Fracture — 
Part II”, emphasizes:(a) residual and reac- 
tion stresses can be an important part of the total 
stress required to initiate a fracture, and (b) the 
greater the residual and reaction stresses, the 
lower the nominal stress required to initiate the 
fracture. The length of the flaw appears to 


Book Review 


Gray Iron Castincs Hanpsook, Edited by 
Charles F. Walton, Gray Iron Founders’ So- 
ciety, Inc., Cleveland, 1958. 607 p. $10. 


Twenty-one YEARS AGO a monumental 
work by John Bolton became the standard com- 
pendium on gray iron. In the intervening years, 
although many technical reports have appeared 
dealing with his basic material, few books have 
appeared, and an up-to-date, comprehensive and 
authoritative reference book has been long over- 
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Cast Iron—How and Where to Use It 


have little influence on the stress required to 
initiate a brittle fracture. Stresses applied to the 
area of the flaw front were sufficient to cause the 
initiation of brittle fracture at low nominal 
stresses. 

Working conditions were simulated as much 
as possible in this study. For example, reaction 
stresses were applied by a mechanical mechan- 
ism similar to that used in jacking plates in place 
during fabrication of ships. These stresses 
caused brittle failure at one half of the yield 
strength of the steel tested. The flaw specimens 
were evaluated by welding the specimen con- 
taining the flaw as a patch in the wall of a sphere. 
The temperature of the sphere containing the 
patch was lowered below the transition tempera- 
ture of the steel. After the desired temperature 
was reached, the sphere was loaded hydrostati- 
cally. The testing facility was not capable of 
producing sufficient stress to initiate brittle frac- 
ture from flaws less than 2 in. in length. The 
authors report that it is quite difficult to initiate 
brittle fracture in flaws less than 4 in. in length. 

(Continued on p. 172) 


Reviewed by HANS J. HEINE* 


due. The Gray Iron Castings Handbook now 
fills that need. 

A number of noted metallurgists and research 
organizations have cooperated in either develop- 
ing or gathering information for this book which, 
as the preface states, is designed to be of value 
primarily to engineering students, engineers, pur- 
chasing agents and management personnel who 
may not be fully aware of the usefulness of gray 


*Technical Director, Publication Development 
Div., American Society for Metals, Cleveland. 
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and ductile iron castings. For the metallurgist 
and the designer, this volume is a valuable ref- 
erence supplement. 

The chapter on metallic and nonmetallic coat- 
ings is outstanding. It describes surface finishes 
applied to gray iron to meet appearance, cor- 
rosion, wear, and other special requirements. 
Sprayed and hot dipped coatings as well as hard 
facing materials are thoroughly discussed, and 
the state of the art of electrodeposition and ce- 
mentation is explained and many typical exam- 
ples are given. Cementation may be called a 
first cousin to hot dipping, with this difference, 
however: The use of molten metal is not re- 
quired since the casting can be heated in a 
powdered metal, a gaseous atmosphere or a fused 
bath of metal salts. Secondly, the cementation 
reaction is actually a slow creeping of one metal 
into another. The process has been used suc- 
cessfully on meat mincer parts, pug-mill knives 
and augers. 

The chapter on welding, joining and cutting 
opens with a statement designed to dispel the 
prejudice — long prevalent among designers until 
quite recently — against the use of gray iron in 
fabricated assemblies. Production welding of 
gray iron pipe to a gray iron casting using gray 
iron filler rod (high in carbon and silicon since 
the heat of the torch will burn out a portion of 
these elements) is not uncommon today. More- 
over, with nickel-base electrodes gray iron can 
be welded to dissimilar metals such as carbon 
steel, stainless steel, and Monel. Gas burners for 
home heating, for instance, consist of a gray iron- 
steel assembly arc welded with a nickel electrode. 

Improved joining techniques, notably in braze 
welding with bronze and nickel filler material 
and brazing with silver alloys, have extended the 
range of materials that can be fabricated. The 
section is quite practical. A major portion of it 
describes repair welding of castings. 

The part on heat treatment reads like an 
apotheosis of Jim Vanick’s statement made many 
years ago: “Heat treatment of gray iron is a 
vast uncultivated field held in reserve for future 
expansion .. .” Much data, especially on flame 
hardening, are comprehensively presented for 
the first time, and line drawings help the reader 
to visualize the different processes in use. 

The chapter on properties is separated into 
two parts, one dealing with gray and the other 
with nodular iron. It puts the ductile member 
of the gray iron family in sharper focus. The 
first section discusses the significant engineering 
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properties of the plain (unalloyed ) and low-alloy 
(generally containing less than 3% of Cr, Cu, 
Mo, Ni and V) gray irons. It is refreshing to 
see not a rehash of data that have been carried 
in handbooks for generations, but a new ap- 
proach and an intelligent attempt to winnow the 
chaff from the wheat. The second section con- 
tains a factual account of the properties of 
nodular iron, particularly those properties that 
recommend it as a useful engineering material. 
Especially valuable are the Jominy end quench 
hardenability curves showing the effect of carbon 
and manganese on the hardenability of a series 
of ductile irons. The reader is almost over- 
whelmed by authoritative tabular data on impact 
strength, endurance limit, elevated-temperature 
properties and dimensional stability. A series of 
graphs depicts creep and stress-rupture data. It 
is clearly indicated that the pearlitic structure 
is superior to the ferritic structure up to about 
800° F. and that a ferritic ductile iron containing 
0.81% Mo has a creep strength of 27,000 psi. at 
800° F. 

The section relating to specifying and purchas- 
ing includes not only basic standard specification 
data, but also provides a survey of the different 
casting processes in commercial use today and 
describes the capabilities of the industry. The 
illustrations, clear, simple and devoid of unnec- 
essary detail, are a helpful supplement. The line 
drawings showing a simple two-piece pattern 
with a flat parting, mounted to make a match 
plate, are typical. The composition of core boxes 
and sweep patterns is also explained with the aid 
of illustrations. 

Additional chapters cover the history of the 
gray iron industry, advantages of iron castings, 
and design considerations. A valuable and help- 
ful feature is the glossary of terms near the end 
of the book—semantics so often being the 
stumbling block to a proper understanding of 
technical language. An appendix describes the 
fundamentals of heat treatment. 

It seems almost a must for reviewers to have 
at least one complaint; in fact, some apparently 
spend their best efforts in this direction. (The 
psychologists would probably explain the phe- 
nomenon by saying that reviewers are nothing 
but a breed of frustrated authors out in the cold. ) 
The only shortcoming this reviewer seés is in 
the index, which could be more extensive, 
thereby increasing the value of the handbook as 
a reference work. A future edition could easily 
remedy this situation. (— 
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A Mechanized Desanding Operation 


This fully automatic salt bath line for electrolytic de- 
sanding of gray iron castings was designed and sup- 
plied by Ajax. Dozens of other Ajax mechanized 
installations are used for hardening, carburizing, mar- 
tempering, austempering, annealing and other heat 
treating processes. 


72-Page Guide to 
Ajax Salt Baths 


Write on company stationery for your copy. 
Includes dozens of illustrations of auto- 
matic and semi-automatic Ajax instalia- 
tions. Covers modern salt bath equipment 
and methods for Aluminum Heat Treatment; 
Annealing; Austempering; Billet Heating; 
Brazing; Carburizing; Case Hardening; 
Cleaning and Descaling; Cyaniding; 
Drawing; Hardening; Quenching; 
Martempering; Nitriding; Tem- 
pering and many more. Ask 
for Ajax Catalog 117A. 


AJAX ELECTRIC COMPANY 
910 Frankford Avenue 
Philadelphia 23, Pa. 


Associates: Ajax Electrothermic Corp. Ajax Engineering Corp. 
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Salt bath 
heat treating 
mechanization? 


AJAX HAS THE ANSWERS! 


The chief product of Ajax is not simply the world’s 
largest, most versatile line of salt bath furnaces. More 
particularly, it is an unmatched fund of accumulated ex- 
perience in applying salt bath operations to best possible 
advantage. Nowhere is this more evident than in heat 
treating mechanization or automation. 

In hundreds of installations, large and small, com- 
plete heat treating operations are handled automatically 
by conveyorized salt bath set-ups engineered from be- 
ginning to end by Ajax. From single in-line furnaces to 
elaborate combinations, each operation is automatically 
controlled and operated for maximum production econ- 
omy and product quality. 

When planning for heat treating mechanization, it 
pays to consult Ajax! 


AJAX 


TG REN J 


H U 


SALT BATH FURNACES 


Internally heated electric and gas fired types 
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Dislocation Model 


Proviwence, R. I. 


The recent article by Guy and 
Criswell presenting an analogy of a 
dislocation by means of two rows of 
magnets (Metal Progress, June 1957, 
p. 82) inspired the model shown 
here. The forces between atoms are 
represented by forces between poles 


Fig. 1—Unstressed Equi- 
librium Position of Magnets 


Fig. 3—It Travels Toward Right 
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of opposite signs of cylindrical mag- 
nets. The magnets are mounted on 
flexible springs allowing them to de- 
flect in a vertical plane parallel to 
the rows. 

Figure 1 shows the unstressed 
equilibrium position of the magnets. 
As the bottom row is displaced, a 
dislocation is introduced from the 
left edge (Fig. 2). It travels to- 
ward the right edge (Fig: 3) and 
the model is left in a deformed con- 


Fig. 2—Bottom Row Is Dis- 
placed (Dislocation Introduced) 


Fig. 4— Deformed Condition 


dition after the dislocation has 
moved the entire length of the row 
(Fig. 4). 

Slip, in this model, always occurs 
by travel of a dislocation as long as 
the deformation is applied slowly. 

J. GurLanp 
Associate Professor of Engineering 
Brown University 


The Windscale Incident 
(Wigner Energy Release) 
Lonpon, ENGLAND 


Your issue of January this year 
contained my short article on the 
Windscale incident (p. 114), an ac- 
cident which occurred at a British 
plutonium-producing pile during a 
shutdown for “Wigner release.” 
Investigations have since been car- 
ried out by British scientists on 
other methods for release of stored 
energy from reactors, and in March 
Harwell engineers made a success- 
ful release by a new technique on 
BEPO (British Experimental Pile, 
which is an air-cooled, graphite- 
moderated reactor of the same type 
as Windscale). 

The inlet air flow to the reactor 
was reduced to about 5% of full 
normal flow and was heated by 
750 kw. of heating grids installed 
in the inlet duct. This gradually 
heated the air entering the reactor 
to 130°C. The graphite structure 
was thereby heated up slowly over a 
period of 10 hr. to about 90°C. 
At this point, a slow release of stored 
energy began and the temperature of 
the graphite rose, reaching a maxi- 
mum of 330° C. During this period, 
some blocks of the graphite were 
seen to rise sharply in temperature 
by about 200° C. in a short time — 
of the order of 5 min. The zone in 
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‘High Speed Aircraft Require 


Capital 


VISCOUNT 


by ROULSRONCE 


a 
Capitai Airlines, operators of the Viscount — America’s first commercial 
prop-jet airplane —finds that the more modern the aircraft, the greater FREE BOOKLET 
the need for precise quality control and inspection standards. Capital TELLS HOW! 
employs a production-line Dy-Chek® flaw location installation to 
inspect critical engine parts during engine overhaul. “We find that 
Dy-Chek not only contributes to passenger safety and ease of inspection’ 
says Harold Ingalls, Superintendent of Maintenance and Overhaul of 
Capital, “but we also feel that it helps the ‘vibrationless Viscount’ give 
its passengers the smoothest airplane ride in the world” 


Discusses every aspect 
of flaw location with 
dye penetrants from 
pre-cleaning to 
interpreting results. 
You may not be inspecting engine parts, but whatever your inspection Write for your 
requirements, chances are you'll find those hidden flaws faster, more copy today, with- 
economically, and with far greater certainty, if you'll turn to Turco... out obligation. 

Turco Dy-Chek ... first! 


TURCO PLEASE AFFIX COUPON TO COMPANY LETTERHEAD 
PRODUCTS INC. TURCO PRODUCTS, INC. 

’ 6135 So. Central Ave., Los Angeles 1, Calif. 
6135 So. Central Ave., Los Angeles 1, Colif. Dye Penetronts’’ 
Factories: Newark, Chicago, Houston, 
Los Angeles, London, Rotterdam, Nome 


Sydney, Mexico City, Naha (Okinawa) 


Monvufactured in Canada by 
Offices in all Principal Cities 8B. W. Deane & Co., Montreal 


For Cleaning or Metal 
Conditioning Problems... 
Turn to Turco First! 


Hot or Cold Immersion Spray Washing Steom Cleoning Phosphate Cooting 
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ST BL from Wheelock, Lovejoy 


‘W-L CHICAGO Now in an ideal position to supply HY-TEN “M” 
Temper in large forged flats up to 6 x 22”, rounds to 18” 
and squares to 174%”. Also “B” No. 3-X in large forged 
flats to 6 x 13”, rounds to 18” and squares to 16”. Alloy 
forgings a specialty. 


W-L DETROIT The new, larger warehouse and office here have greatly 
speeded up delivery on our orders and services in this 


area. Have a good stock of A-8620 on hand as well as all 
HY-TEN grades. 


W-L CLEVELAND Therolls for this Vaughn 
Four-Roll Continuous 
Pointer are fabricated 
from HY-TEN ‘“M” 
Temper, nickel-chro- 
mium-molybdenum oil 
hardening steel. This 
Pointer, largest of its 
type in the world, can 
point rods ranging from 
%” to 1&4” dia. HY- 
TEN “M” was selected 
by the machine manv- 
facturer because it can 
be quenched and tem- 
pered to high hardness 
levels while retaining 
considerably greater 
toughness than would 
be possible with most 
other steels. 


W-L CINCINNATI Another new and larger warehouse recently opened here. 
Same-day service on all sizes, shapes 1nd grades of 
HY-TEN, plus our usual help on metallurgical problems. 


W-L HILLSIDE, N. J. This W-L warehouse has an excellent stock of HY-TEN 
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“B” No. 3-X in rounds, flats and squares. Same-day 
delivery is promised. Many of the larger sizes of forged 
rounds are rough turned. 

W-L CAMBRIDGE HY-TEN “B” No. 2 is still a great favorite in New 
England for parts requiring medium duty and high qual- 
ity at a reasonable price. Our research and development 


assure better HY-TEN specials — “‘the standard alloy 
steels of tomorrow.” 


W-L BUFFALO New HY-TEN “B” No. 3X-40 now available here in 
rounds %” to 8%” and hexagons 14%” to 2%”, heat 
treated to 300 Brinell. Machines as easily as heat- 
treated 4140 leaded, but less expensive. Suitable for flame 
or induction hardening — tough and shock resistant. 
Write our Cambridge office today for your free Wheelock, 
Lovejoy Data Sheets. They'll give you complete technical 


information on grades, applications, physical properties, 
tests, heat treating, etc. 


WHEELOCK, 
LOVEJOY 


& COMPANY, INC. 
134 Sidney Street, Cambridge 39, Mass. 


AGENTS: Southern Engineering Company, Charlotte, N. C.; 
Sanderson-Newbould, Ltd., Montreal & Toronto 


Windscale . . . 


which the stored energy release was 
taking place spread slowly from the 
air inlet end of the reactor to the 
exit end and to other radial regions. 
The whole operation was controlled 
by a battery of 74 recorders, and a 
staff of 75 engineers and scientists 
was engaged. 

The reactor could at any time have 
been blown cold by turning on the 
main circulating fans. This work 
confirms, therefore, that a Wigner 
energy release can be carried out 
with complete safety when it is 
fully instrumented. 

T. BisHop 
John Miles & Partners 
(London) Ltd. 


Colleges Need Money 
From Industry 


Go.pEN, 


The above heading in April Metal 
Progress is all too true. As president 
of a sister institution to Case (a 
privately endowed college), I can 
say that its problem is so similar to 
that of the tax-supported Colorado 
School of Mines that it reflects the 
problem faced by all engineering 
schools in America. 

Undoubtedly, industry needs more 
engineers — metallurgists as well as 
civils, mechanicals, and all the others. 
Industry proves this statement year 
after year by sending a flock of per- 
sonnel men to the campuses to inter- 
view the men in the graduating class. 
Where can industry get these need- 
ed men, now lacking? 

One possibility is that new insti- 
tutes could be built. This would be 
very costly. To duplicate the plant 
at Colorado School of Mines would 
cost at least $20,000,000. To en- 
dow its operation (costing $2,000,- 
000 annually) would require $50,- 
000,000. The total is $70,000,000. 
The product would be 200 engineers 
annually; their cost (4% of 70,000,- 
000 divided by 200) would be 
$14,000 each. 

Another possibility is that large 
industrial organizations take over the 
job themselves. Even if the product 
were engineers rather than tech- 
nologists, the cost would not be 
much if any less than the above. 


The third and by all odds the best 
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WAREHOUSE 


Firth 


PIONEER IN POWDER AND MOLTEN METALLURGY 


ALLOY 
Useful Temperature 
Range 


RUPTURE DATA 


TENSILE DATA (100 Hrs.) 


——— METHOD OF 
Yield (psi) 4 Stress (psi) M 1 

Elongation (%) “nt Elongation (%) ELTING 
emperature Temperature pera 


HWD 
Up to 1000°F 


140,000 ; 170,000 
14% 12%+ AIR ARC 
1050°F 900°F 


GREEK ASCOLOY 
Up to 1000°F 


135,000 42,000 
17% 35% AIR ARC 
70°F 1050°F 


16-25-6 
Up to 1300°F 


71,000 
33% AIR ARC 
70°F 


A-286 
Up to 1350°F 


70°F 9° STERCON 


STERVAC 3000 
(M-308*) 
Up to 1350°F 


STERCON 
STERVAC 


STERVAC 1000 
(Waspaloy**) 
Up to 1500°F 


STERCON 
STERVAC 


STERVAC 2000 
(M-252*) 
Up to 1500°F 


98,000 
20% STERVAC 
70°F 


STERVAC 5000 
(Udimet 500* **) 
Up to 1600°F 


STERVAC 4000 
(Rene 
Up to 1650°F 


8% + STERVAC 
1200°F 


110,000 +- 
8% + STERVAC 
1400°F 


UNKNOWN 


WANTED: 


TO MEET YOUR REQUIREMENTS 


new applications for high temperature alloys 


Charted above are high temperature alloys pro- 
duced by Firth Sterling metallurgy to meet to- 
day’s specifications in the aircraft and missile 
industry. There are, no doubt, applications for 
these which do not yet exist—just as there are ap- 
plications for which no satisfactory materials have 
been developed. We'd like to know your needs— 
and apply our experience to your problems. 

For over 68 years, Firth Sterling metallurgists 
have pioneered the development of tougher, more 
heat-resistant metals. Their experience in all 


three melting methods: air arc, consumable elec- 
trode (STERCON) and induction vacuum 
(STERVAC) is exceptional. And this important 
technological “know how” is being applied to 
newer metals such as Zirconium. 

lf your requirements involve the engineered 
performance of alloys at higher and higher tem- 
peratures, our background in this field could prove 
helpful. Please let us hear from you. Firth Ster- 
ling, Inc., Dept.13F,3113 Forbes St., Pittsburgh 
30, Pa. Offices and warehouses in principal cities. 


Fa! Reg. T.M.: *General Electric Co. - **Pratt & Whitney Div., United Aircraft Corp. - ***Utica Drop Forge & Tool Div., Kelsey Hayes Co. 


propucts oF Sterling METALLURGY 
HIGH SPEED STEELS * TOOL & DIE STEELS . STAINLESS SPECIALTIES + HIGH TEMPERATURE ALLOYS 


SINTERED TUNGSTEN CARBIDES + HEAVY METAL + CERMETS + CHROMIUM CARBIDES 
ZIRCONIUM «+ STERVAC & STERCON SUPER ALLOYS 


f 
f - | | | — 
/ 
121,000 134,000 65,000 
1200°F 1200°F 1300°F 
f 36,000 
1500°F 
CAR 
7 cy 
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Low Heat Loss, Fast Recovery, Long Life... 
These Hevi-Duty Advantages Pay Off for 
Cincinnati Steel Treating Company 


Since 1946, this Hevi-Duty vertical retort furnace has been used 
for carburizing, hardening, annealing, and drawing at Cincinnati 
Steel Treating Company. 


Superintendent Harry Conway says he is impressed with the 
high productive capacity of the furnace. The cast alloy retort holds 
its heat during unloading and reloading, yet permits fast recovery 
of working temperatures. This feature alone adds up to extra loads 
per day. 

Cincinnati Steel Treating also likes the long element life and 
the easy servicing of elements and thermocouples, as well as the 
fact that the fan and motor are mounted on the cover for simple 
and quick maintenance. 


Find out how these advantages can pay off in your plant. 
Write for Bulletin 646. 


@ Heat Processing Furnaces 


@ Dry Type Transformers 


®@ Constant Current Regulators 


Colleges . . . 


plan is to strengthen the existing en- 
gineering colleges and institutes by 
generous financial support. This 
takes advantage of existing facilities 
and faculties. It is the most efficient 
and least costly solution. 

How can an individual, a firm or 
an industry invest in engineering 
education most effectively? There 
are several things, I think, that 
should be kept in mind: 

First, invest your money in the 
institutions which are directly serv- 
ing your industry. 

Second, invest your money where 
it will do the most good, namely in 
faculty rather than in facilities. 

Third, consult the college manage- 
ment to find out where your in- 
vestment would yield the greatest 
return. 

Fourth, if you have funds for 
scholarships, split the money three 
ways, giving one third to the student, 
two thirds to the school. 

Finally (if not too visionary), 
give the best engineers on your staff 
“sabbaticals,” wherein they can join 
an engineering faculty for the year. 
The services of a good man invested 
in this way will result in many more 
good men in the future. 

Joun W. VANDERWILT 
President 
Colorado School of Mines 


High-Temperature 
Report Available 


Wasuincton, D. C. 


The article on “Improvement in 
High-Temperature Alloys by Boron 
and Zirconium”, by W. J. Penning- 
ton, in the March issue, p. 82, makes 
reference to a University of Michi- 
gan report (No. 55, January 1957) 
to the N.A.C.A. Your readers may 
be interested in knowing that this 
report was made available to the 
public in June 1957 as N.A.C.A. 
Technical Note 4049, “Influence of 
Crucible Materials on the High- 
Temperature Properties of a Vac- 
uum-Melted Ni-Cr-Co Alloy”, by R. 
F. Decker, J. P. Rowe and J. W. 
Freeman. 

N.A.C.A. Technical Notes are 
available without charge upon ap- 
plication to the Division of Research 
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FOR YOUR EVERY 
HEAT TREATING NEED! 


hether it's versatility you need—a single furnace that can 
handle any number of different heat treating jobs efficiently 
—or a specialized piece of equipment to do a single job to 
super-critical tolerances—Pacific’s complete line gives you 
exactly the right one for your job! 
The installations shown here are just a few of Pacific's “standard” 
furnace designs. In addition, modifications or completely 
custom designed furnaces can be built to your own specifications. 
A Pacific field engineer will be glad to discuss your heat 
treating problems or requirements—write today! 


INDUSTRIAL 
HEAT TREATI 
EQUIPMENT 


PACIFIC SCIENTIFIC CO. P.O. Box 22019, Los Angeles 22, Calif 
LOS ANGELES Please send me 


bulletins and Nome 
SAN FRANCISCO specifications 

on o Pacific 
SEATTLE Furnoce for: Compony____ 
PORTLAND, OREGON Address 


ARLINGTON, TEXAS 


% TRADE MARK 


PACIFIC 
SCIENTIFIC 
COMPANY 


(type of work) City 
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A versatile laboratory fur- 
nace for reliable operation 
from the lowest to the high- 
est temperatures. 

From 600° F. to 2000° F., 
use for ashing, drawing, ig- 
niting and tempering, above 
2000° F., for sintering, melt- 
ing, clinkering, fusing and 
high-speed hardening. 


AUTOMATIC 
TEMPERATURE CONTROL 


SPACIOUS ACCESSIBLE 
HEATING CHAMBER 


RAPID HEATING 
MINIMUM HEAT LOSS 


OPENS FROM FRONT 
FOR QUICK SERVICING 


BURRELL BOX-MUFFLE TYPE 
FURNACE, Model 30 


Heating chamber 7’’ wide x 844" deep 
x 4” high. For use with 230 volt, 50-60 
cycle, single phase power supply, or 
with automatic controller for 115 volt, 
50-60 cycle, single phase. 


Burrell Cat. No. 37-442 “ee $1500. 
F.0.B. Pittsburgh, Pa. 


Ask for Bulletin No. 315 


RELL CORPORATION 
Scientific Instruments and Laboratory Supplies 
2223 FIFTH AVENUE, PITTSBURGH 19, PA. 


Report... 


Information, National Advisory 
Committee for Aeronautics, 1512 H 
St., N. W., Washington 25, D. C. 
BERTRAM A. MULCAHY 
Chief, Division of Research 
Information 
N.A.C.A. 


Macro-Etching for 
Quality Control 


BRANFORD, CONN. 


I enjoyed reading Mr. Ruther- 
ford’s article “Thirty Years in Ameri- 
can Metallurgy”, in the February 
issue of Metal Progress. Under the 
heading “Quality Control”, I am 
afraid Mr. Rutherford has over- 
looked a testing method which has 
contributed tremendously to the 
quality of iron and steel within the 
last 30 years or so — namely macro- 
etching. The part played by macro- 
etching in the production of sounder 
tool and constructional steels, cast- 
ings and forgings cannot be over- 
emphasized. In fact, its application 
to quality control has been so effec- 
tive that it is now being used ex- 
tensively in both the ferrous and 
nonferrous industries. 

Henry G. KesHIAN 
Consulting Metallurgist 


Fuel Elements for 
Economical Atomic Power 


Lemont, ILL. 


Readers of Metal Progress have no 
doubt read, either in newspapers, 
magazines of opinion, or in technical 
periodicals, contrasting opinions as 
to the necessity for building atomic 
power plants competitive with those 
now existing and which burn carbon- 
aceous fuels. Without entering into 
any argument about how this might 
be done — nor, in fact, whether it 
should be done on a “crash basis” 
—I might suggest that the problem 
for the immediate future is posed 
less by our own economic situation 
than by international considerations, 
which takes it out of the realm of 
engineering and science and into the 
realm of politics. 

I would like to emphasize, how- 
ever, that there is one area in which 
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Lithium alloys for thrifty metal makers 


The wonderful thing about these 
property-boosting lithium alloys is that 
they call for so little lithium. In many 
cases, the addition of a few ounces is 
all that’s needed to tip the scales to- 
ward more desirable physical 
properties, better grain structure, im- 
proved cold working characteristics, 


and many other features. Needless to 
say, the addition of lithium can’t 
improve every alloy. But where it does, 
its cost is infinitesimal compared to 
the advantages it gives. Just look over 
the few examples given here. You'll 
find that lithium is an alloying metal 
well worth investigating. 


Magnesium-Manganese-Lithium 


80-98% MAGNESIUM 
1-10% MANGANESE 
1-10% LITHIUM 


As little as 1-10% lithium in the above 
alloy gives greatly improved cold — 
properties. As cast, this alloy can be col 

worked to 60% reduction; after annealing, 
it can be cold worked to 95% reduction. 


iT & 


Zinc-Lithium 

96.5-99.8+ % ZINC 

1-24 MANGANESE 

05-1% NICKEL 

LITHIUM 
The percentage of lithium used to refine 
the grain structure of this zine alloy 
works out to as little as 1 pound of lithium 
to every 1000 tons of zinc. This amounts 
to about I¢ per ton! 


MINERAL 


To find out more about lithium 
metal (99.9% pure) and what it might 
do for you, write for Bulletin 101. 
Address letterhead request to Tech- 
nical Literature Department, Foote 
Mineral Company. 424 Eighteen 
West Chelten Building, Philadelphia 


M4, Pennsylvania. 


Aluminum-Lithium 


84.15% ALUMINUM MANGANESE 
12% ZINC 5% IRON 
2% COPPER 5% SILICON 


The physical properties of this aluminum 
alloy are reported to be superior to the 
better known, high-strength aluminum 
alloys. The presence of the lithium im- 
proves its ented properties and cor- 
respondingly decreases its density. 


COMPAN Y 


LITHIUM METAL, CHEMICALS, MINERALS « ELECTROLYTIC MANGANESE METAL + NITRELMANG » HYDROGEN-REMOVED ELECTROMANGANESE «+ RIMEX 
MANGANESE SULPHIDE « WELDING GRADE FERRO ALLOYS « COMMERCIAL MINERALS AND ORES « ZIRCONIUM, TITANIUM, HAFNIUM (lODIDE PROCESS) 
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KENNAMETAL. 
SEAL RING 


METALLIC BELLOWS 


KENNAMETAL Rotary Seal Rings 
provide substantially zero leakage 
at mile-a-minute rubbing speeds 


At rubbing speeds of 4200 to 5400 
ft./min., the hydraulically bal- 
anced seal shown above achieves 
substantially zero gas leakage. 
Excellent wear characteristics of 
the Kennametal and Kentanium* 
Seal Rings featured in this design 
make possible unlubricated dry 
rubbing at peak speeds. 

Stein Seal Company, Philadel- 
phia, Pa., solved major sealing 
problems on many applications 
by using Kennametal and Ken- 
tanium parts in their hydraulic 
balanced seal design such as illus- 
trated above. By using rings made 
of these hard carbide, wear- 
resistant compositions, it is possi- 
ble to operate with higher spring 
forces and in much higher temper- 
atures than when rings of conven- 
tional sealing materials are used. 

The outstanding physical prop- 
erties of Kennametal compositions 
have provided many more answers 
to rotary seal ring problems in the 
fields of petroleum refining and 


transportation, high-pressure 
high-temperature chemical pro- 
duction and nuclear power. For 
example, K501, a platinum-bond- 
ed carbide, is being used to confine 
liquid oxygen and red fuming ni- 
tric acid. Results are reported by 
the customer to be “far superior 
to any previously-used materials, 
with no indication of face wear.” 

Various grades of Kennametal 
compositions hold economical 
answers to your need for high 
YME, low thermal expansion, high 
resistance to abrasion, erosion, 
corrosion, impact and pressures. 
For positive sealing, with little or 
no maintenance, mating surfaces 
of Kennametal Seal Rings can be 
lapped to a flatness less than two 
light bands, with a surface finish 
better than two microinch. 

For more information, send for 
Booklet B-111A, “Characteristics 
of Kennametal.” Write to Dept. 
MP KENNAMETAL INc., Latrobe, 
Pennsylvania. 
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Fuel Elements . . . 


a speed-up could undoubtedly be 
achieved. It falls not in the design 
and construction of different or 
bigger reactors but in a much in- 
tensified program of fuel element 
fabrication and processing. Simple, 
cheap fuel elements and processing 
methods can reduce costs signifi- 
cantly and probably swiftly. The 
present reactor design and construc- 
tion program of the U.S. Atomic 
Energy Commission should deter- 
mine the likeliest reactor systems, 
but they will not necessarily or 
rapidly produce information about 
manufacture of cores and reprocess- 
ing fuels. Such a program on fuel 
elements can be carried on inde- 
pendently of any particular reactor 
design. It would require a significant 
expansion of basic and fabrication 
metallurgy, of the irradiation fa- 
cilities available for fuel testing and 
finally of the chemical engineering 
process studies necessary in connec- 
tion with the new fuel element de- 
signs. 


NorMAN HILBERRY 
Director 
Argonne National Laboratory 


A Sitting Duck 


Newark, N.]J. 
Heating in metallic units can be 
obtained by either conduction or in- 
duction. Metallographic examina- 
tion of a sample of Tophet A (80% 
nickel, 20% chromium) etched in 
Marbles’ reagent does not differen- 
tiate between con-duck-tion or in- 
duck-tion. Maybe some duck hunt- 
ers among the A.S.M. can give the 

answer. 

A. GRONINGER, 

Metallographer 
Wilbur B. Driver Co. 
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with FINKL 


DIE BLOCKS 
...the aircraft industry does! 


These two 14 x 35 x 114” FX die blocks, made from Finkl electric furnace steel, 
and weighing 15,800 pounds each, are used for producing precision aluminum landing 
gear rib forgings. 
Finkl FX die blocks are noted for their long production runs and economy because: 
Ss e FX covers the full usable hardness range from Temper H (477-444 BHN) to 
= 4 Temper 4 (293-269 BHN). 
E e FX produces the greatest number of forgings per impression because its well 
$ a balanced alloy content offers uniform hardness and freedom from temper brittleness. 
D . Relatively high tempering temperature promotes ductility and elimination of residual 
& stresses. 
* EtectR\® e FX Special Machining Quality appreciably reduces shanking and sinking time. 
These proved advantages can also mean savings to you with more pieces per die 
and better deliveries to your customers. 
Save money by talking to a Finkl representative the next time you are considering 
die blocks or forgings. 


A. Finkl & Sons Co. 


2011 SOUTHPORT AVE: CHICAGO 14, ILLINOIS 


Offices in: DETROIT - CLEVELAND - PITTSBURGH - INDIANAPOLIS - HOUSTON - ALLENTOWN - ST. PAUL 
COLORADO SPRINGS - SAN FRANCISCO - SEATTLE - BIRMINGHAM - KANSAS CITY 
Warehouses in: CHICAGO - DETROIT - BOSTON - LOS ANGELES 
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Personal Mention 


Charles M. Beeghly 


Cuarues M. Beecuiy @, a direc- 
tor of Jones & Laughlin Steel Corp., 
Pittsburgh, has been elected execu- 
tive vice-president of the company. 
He became vice-president of Jones 
& Laughlin’s new Strip Steel Div., 
when that division was established 
last August to operate the recently 
acquired Cold Metal Products Co. 
in Youngstown, Ohio. Mr. Beeghly 
had been associated with Cold Metal 
for 24 years before its merger with 
Jones & Laughlin. 

A native of Ohio, he studied at 
Ohio Wesleyan University and after 
graduation in 1930, gained experi- 
ence in the steel industry in several 
plants in the East until joining Cold 
Metal as a salesman. Rising to pro- 
duction manager in three years, he 
went on to serve as sales manager 
and general manager; he was called 
into the armed service in 1942. Dis- 
charged as a major in the Air Force 
in 1945, he returned to Cold Metal 
and the following year was named 
vice-president and director of the 
company. 

An active ASMember, he also 
holds memberships in the American 
Iron and Steel Institute and the 
American Ordnance Association. 


Donald W. Johnson @ has been 
named manager of Reynolds Metals 
Co. aluminum reduction plant in 
Longview, Wash. Mr. Johnson was 
transferred to Longview last August 
from the Reynolds Troutdale, Ore., 
reduction plant where he served as 
assistant plant manager. 
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Harlan W. Diefendorf @ has been 
appointed superintendent of melt- 
ing at Crucible Steel Co. of Amer- 
ica’s Sanderson-Haleomb Works in 
Syracuse, N. Y. Since joining Cruci- 
ble in 1949, he has held various posi- 
tions in the metallurgical department 
and until his recent promotion was 
assistant superintendent of melting. 


Francis X. Maher @ was recently 
named district sales manager for the 
north central area, of NRC Equip- 
ment Corp., Newton, Mass., direct- 
ing sales and engineering service in 
Ohio and neighboring states from the 
company’s Cleveland office. Prior to 
his appointment, Mr. Maher was a 
sales engineer for the firm. 


Bruno Sachs @ has been elected 
to the board of directors of Tenney 
Engineering, Inc., Union, N. J. Dr. 
Sachs is vice-president in charge 
of engineering and manufacturing 
for Tenney and in addition is cur- 
rently serving as a lecturer in me- 
chanical engineering at the evening 
division of the College of the City 
of New York. 


Maurice F. Hasler @ received the 
fourth annual Beckman Award for an 
outstanding contribution to the field 
of chemical instrumentation at the 
national meeting of the American 
Chemical Society in San Francisco 
recently. The $1000 award is spon- 
sored by Beckman Instruments, Inc., 
of Fullerton, Calif., and is designed 
to honor pioneering achievements in 
this field. Dr. Hasler, president and 
director of research for Applied Re- 
search Laboratories, Glendale, Calif., 
was awarded this honor for his de- 
velopment of a direct-reading optical 
emission spectrometer which gives 
a complete chemical analysis of a 
metal in 1 min. 


Clyde Williams @, former presi- 
dent of Battelle Memorial Institute 
and now president of Clyde Wil- 
liams and Co., will present the 6th 
Gillett Memorial Lecture at the an- 
nual meeting of the American 
Society for Testing Materials on 
June 24 in Boston, speaking on 
“High-Temperature Metals — Their 
Role in the Technological Future”. 


George Angeletti @ recently ac- 
cepted a post as senior sales engi- 
neer in beryllium-copper alloys with 
the Brush Beryllium Co., Cleveland. 


E. D. Weisert @ and R. A. Per- 
kins @ have been advanced to posi- 
tions as technical supervisors at the 
Metals Research Laboratories, Elec- 
tro Metallurgical Co., Niagara Falls, 
N. Y. Mr. Weisert, named technical 
supervisor—materials application, was 
a section leader in the corrosion 
section of the metals research group 
before taking on his new assignment. 
Now technical supervisor — metals 
engineering, Mr. Perkins was form- 
erly senior research assistant in the 
stainless steel department. 


John R. Vreeland @ has been 
appointed special consultant, heat 
exchanger sales, for Chase Brass & 
Copper Co., Waterbury Conn., a sub- 
sidiary of Kennecott Copper Corp. 
Mr. Vreeland has been affiliated with 
Chase for nearly 30 years and for the 
past year and a half has been staff 
manager of sheet and strip sales. 


R. E. Orton @ is now assistant 
general manager of Cleveland 
Trencher Co., Cleveland. 


Robert Alan Huggins @ has been 
selected to receive the Robert Lan- 
sing Hardy Gold Medal for 1958 of 
the American Institute of Mining, 
Metallurgical, and Petroleum Engi- 
neers. The award is given to a 
young metallurgist, under thirty 
years of age, in recognition of ex- 
ceptional promise rather than 
achievement. Dr. Huggins is assist- 
ant professor of metallurgy at Stan- 
ford University, where he has been 
teaching since 1954. 


William Keightley Croll, Jr., 
formerly a student metallurgist at the 
Colorado School of Mines, has ac- 
cepted a post as research metal- 
lurgist at Battelle Memorial Institute, 
Columbus, Ohio. 


Don Beggs @ and O. E. Cullen @ 
have been promoted to managerial 
positions by Surface Combustion 
Corp., Toledo, Ohio. Mr. Beggs is 
now manager of engineering in the 
furnace division, while Mr. Cullen’s 
new position is manager of research 
in the development department. At 
the same time, J. Montagino @ was 
named chief engineer in the special 
heat treat division. 
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Twin installation of Model 6-MR 
Atmos Gas Generators deliver up to 
6,000 cfh at Thomas Strip division 
of Pittsburgh Steel. Increased equip- 
ment capacity, reduced labor costs, 
and closer control make Kemp units 
Money savers in every installation. 


Air-gas Ratio Valve 


For precise control of furnace atmospheres. . . 


Come Kemp 


For heat treating and annealing metals in inert 
atmospheres, you can rely on Kemp Atmos or 
Nitrogen Generators as a dependable source 
of inert gasses. Kemp generators are built 
around the patented Kemp Industrial Carbu- 
retor, which guarantees a steady supply of 
exact analysis inerts, regardless of demands on 
the line. With Kemp units supplying your 
furnaces, you get greater control . . . a better 
product at lower cost. 

The Kemp Atmos Generator, a rich 
exothermic gas producer, is suitable for most 
furnace applications; while for more critical 
uses the Kemp Nitrogen Producer is recom- 


mended. Both are noted for durability and 
dependability. Rugged Kemp design gives 
optimum performance for years, with only 
minimum maintenance and care. 


Kemp generators may be engineered as an 
integral part of new furnace construction, 
adapted to existing units, or furnished as a 
separate setup. 


Your Kemp Representative, listed 
in the Chemical Engineering Cata- 
log, will give youcomplete details. Or 
write direct for Bulletins I-100 and 
I-101. The C. M. Kemp Mfg. Co., 
405 E. Oliver St., Baltimore 2, Md. 
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TYPICAL INSTALLATION FOR AUTOMATED CLEANING 


Open mesh assures product uniformity 
in continuous processing 


Cambridge Woven Wire Belts provide thorough, uniform de- 
greasing or washing because cleaning solutions and vapors circulate 
freely through the open mesh of the belt to reach all parts of the 
product. In one continuous operation, parts can be carried through 
a degreasing, rinse, degreasing cycle to maintain capacity pro- 
duction. In heat treating, brazing, annealing and quenching 
operations too, Cambridge belts cut operating costs and increase 
production. Here’s why: 


CONTINUOUSLY MOVING BELT ELIMINATES BATCH PROCESSING for 
faster, more economical production. 


ALL-METAL CONSTRUCTION RESISTS CORROSION, HEAT; takes temper- 
atures up to 2100° F.; has no seams, lacers or fasteners to weaken 
or break. 


OPEN MESH ALLOWS RAPID DRAINAGE of process solutions; assures 
thorough immersion of product. 


SPECIAL CROSS FLIGHTS OR RAISED EDGES are available to hold pro- 
duct on belt during inclined movement. 


Talk to your Cambridge FIELD ENGINEER soon — he'll explain the many advan- 
tages of continuous heat treating on Cambridge belts. And, he'll recommend 
the belt size, mesh or weave — in the metal or alloy — best suited to your 
operations. You'll find his name in the classified phone book under “BELTING, 
MECHANICAL". Or, write for FREE 130-PAGE REFERENCE MANUAL giving mesh 
specifications, design information and metallurgical data. 


The Cambridge Wire Cloth Co. 


Department B, 
Cambridge 6, 
Maryland 
OFFICES IN PRINCIPAL INDUSTRIAL CITIES 


convevor 1 
CLOTH | one 
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Personals . . . 


Paul Yavorsky @ has joined the 
Zirconium Corp. of America, Solon, 
Ohio, a subsidiary of Oliver Tyrone 
Corp., as technical director. He has 
been associated with the high-tem- 
perature ceramic industry since 
1939, most recently as chief ceramic 
engineer for McDanel Refractory 
Porcelain Co., Beaver Falls, Pa. 


Eugene S. Machlin @, on sab- 
batical leave from his position as 
associate professor of metallurgy at 
Columbia University, is acting di- 
rector of research for the Utica 
Metals Div., Kelsey-Hayes Co., 
Utica, N. Y. 


T. F. Olt @, director of research 
of Armco Steel Corp., Middletown, 
Ohio, has been elected vice-presi- 
dent — research. Mr. Olt, who has 
been with the company nearly 30 
years, has held various supervisory 
positions in the research division; he 
was director of research for the past 
11 years. At the same time, K. P. 
Campbell @ has been promoted to 
manager of the Houston, Tex., plant 
of Armco’s Sheffield Div. Mr. Camp- 
bell joined the Kansas City plant of 
Sheffield in 1928 and was trans- 
ferred to the Houston plant as works 
metallurgist in 1942. For the past 
year he had served as general super- 
intendent — operations. 


John M. Stokely @ has been pro- 
moted from supervising research 
engineer to division supervisor of 
the greases and industrial lubricants 
division of the Richmond Labora- 
tory of California Research Corp., 
Richmond, Calif. Before coming to 
California Research, he was a metal- 
lurgist for the Richmond refinery 
of Standard Oil of Calif. 


Gerald J. Grott @, chief metal- 
lurgist of Michigan-Standard Alloy 
Casting Co., Detroit, has been 
awarded the Gustav A. Lillieqvist 
Steel Foundry Facts Award by the 
Steel Founders’ Society of America. 
This award is presented annually 
for the best article in Steel Foundry 
Facts. 


F. Troy Cope, Jr. @, an em- 
ployee of the Electric Furnace Co., 
Salem, Ohio, for over 20 years, has 
been named vice-president in charge 
of sales. He has been a director of 
the company since 1952. 
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Bs = your industry 


in product quality and value.... 
follow the trend to... 


mill products 
bearing this trademark 


If you are planning a new produci, let 
Scovill Technical Service help you se- 
lect the proper alloy, temper, finish, etc., 
to bring out the BEST in it... 


SCOVILL MANUFACTURING COMPANY 
MILL PRODUCTS DIVISION 
99 MILL ST., WATERBURY 20, CONN. 


PHONE PLAZA 4-1171 OF 
made better bung out the LLS$T te your produc 


| 
4, SCOVILL 


or p duct quality 


é “Ninety-nine times out of a hundred, fabricators who pride themselves on smooth-running 
and profitable operations give a large share of the credit to the mill products they use. 


“For example, every working day we roll miles of strip through this mill. Any 
significant variation of any kind in the metal would eventually 
show up as a variation in performance on the fabricator’s production line. 


"That's why at Scovill every experienced worker, every ultra-modern machine and method, 
is dedicated to maintaining an exceptional standard of uniformity in our Mill Products... 
to safeguard quality on your production line...to bring out the BEST in your products.” 


Howard R. Kraft, Rolling Mill Superintendent 


4scss 


Scovill Manufacturing Company, Mill Products Division, 99 Mill St., Waterbury 20, Conn. Phone Plaza 4-1171. 
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Precision soldering 


Induction Heating 


SOLDER RING 


When G. M. Giannini and Co., Inc., Pasadena, pays you to investigate TOCCO as an economical 
California, switched from old-fashioned methods to way to do it better, faster and at lower cost. 
TOCCO Induction Heating they increased produc- 

tion of these high-precision accelerometers from 4 

to 30 per hour—with a commensurate decrease in 

production costs. 


Here’s what a Giannini official has to say about the 
TOCCO installation: “Prior to using TOCCO for T 
this purpose, we had tried soldering irons, normal on 
torches, resistance sealing, and even threaded screw 
fittings, with uniformly poor results. Essentially, the 
TOCCO unit has permitted us to build, in produc- 
tion quantities, oil-filled hermetically sealed units 
that could not be produced in any other way.” 


The Ohic Crankshaft Co. + Dept. R-6, Cleveland 5, Ohie 

Please send copy of “Typical Results of TOCCO Induction Brazing 
and Soldering”. 

Name 
Position 
Company 
Addre 
City 


Whether your production bottleneck involves solder- 
ing, brazing, heat treating or heating for forming it 
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WHY CLOCK WATCHERS 
NEED GEVAERT MOST! 


Machine and interpretation time can clock 
up wasted hours if you're using ordinary 


X-ray films. But you'll never waste time 
when you rely on Gevaert's deep, critical 
gaze. Even the faintest detail is registered 
... delicate tones and shades are clearly, 
cleanly defined and separated. No matter 
how deep the fault lies, StRUuCTURIx X-ray 
film will probe through and find it for you. 
Radiographs on any Gevaert X-Ray film 
are clear, fast and easy to read. Gevaert 
products have been quality-made since 


THE GEVAERT COMPANY OF AMERICA, INC. 


1894. Have you tried them yet? Just drop 
us a line for full information. 
HAVE YOU TRIED THESE STRUCTURIX 
X-RAY FILMS? 

D4—A safety film with contrasty emulsion 
and light blue base... for use without in- 
tensifying screens or with metal screens. 
D7 — Faster, with very high definition and 
contrast... for inspection of light metals 
that are medium to fairly thick, or thin 
and medium sections of heavy metals... 
and for gamma radiography. 


SALES OFFICES AND WAREHOUSES AT 
321 West 54th Street, New York 19, N. Y. 
6601 N. Lincoln Ave., Lincolnwood, Ill. (Chicago) 
6370 Santa Monica Bivd., Los Angeles 38, Calif. 
9109 Sovereign Row, Dallas, Texas 


In Canada: Gevaert (Canada) Limited 
345 Adelaide St., West, Toronto 2-8, Ontario 


Personals . . . 


Gerhard Derge @, Jones & Laugh- 
lin Professor of Metallurgy at 
Camegie Institute of Technology, 
has been appointed editor of the 
Transactions of the Metallurgical 
Society of A.I.M.E. Professor Derge 
will serve as editor in addition to his 
regular work at Carnegie Tech. He 
has been on the faculty there since 
1934, except for a period during the 
Second World War when he was 
assigned to the Manhattan Project 
of the University of Chicago and to 
Oak Ridge National Laboratory. 


William R. Johnson @ has been 
appointed assistant director of re- 
search and development for Associ- 
ated Spring Corp., Bristol, Conn. 
Mr. Johnson was formerly chief re- 
search metallurgist at the company’s 
research center in Bristol and before 
that was research metallurgist at the 
Wallace Barnes Co., a division of 
Associated Spring Corp., in Bristol. 


William P. Lewis @ has joined 
the sales staff of Hamler Industries, 
Inc., Chicago, and will be in charge 
of the company’s Detroit office. He 
was formerly a sales representative 


for Ex-Cell-O Corp., Detroit. 
Raymond D. Daniels @ has be- 


come a member of the metallurgical 
engineering school faculty of the 
University of Oklahoma. Daniels 
received his bachelor’s, master’s and 
doctor's degrees from Case Institute 
of Technology and served as a re- 
search assistant there. More re- 
cently he was a physicist with the 
National Bureau of Standards. 


C. Wesley Murray @ has been 
appointed manager of knife sales for 
the Heppenstall Co., Pittsburgh. He 
joined the company in 1935 and has 
been a member of the Pittsburgh 
sales department since 1953. 


E. J. Wilson, Jr.. @ has been 
appointed chief welding research 
engineer with the Graver Tank & 
Mfg. Co., Inc., East Chicago, Ind. 
He was formerly associated with the 
Oak Ridge National Laboratory and 
Westinghouse Electric Corp. 


Fred Hunter @ has resigned as 
general manager of a commercial 
heat treating firm in Syracuse, N. Y., 
to form his own company, Steel 
Treaters, Inc., Oriskany, N. Y., 
where he serves as president. 
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February—Bought lower grade Later—Discoloration of finished parts apparent, 
ammonia at a bargain price... rejects more frequent, pickling necessary... 


Stil! tater—Oil! Pressure regulators clogged, Too ltate—Shut down metal treating 
catalyst poisoned, incomplete dissociation .. . line for repairs... 


Be trouble-free—use only 
Armour's 99.98% pure ammonia 
in your metal treating operation! 


Such consistent purity, dependable delivery service from 
163 stock points and 8 bulk stations—and a technical service 
that’s second to none—make Armour your one best source 
for trouble-free ammonia. For further information and a copy 
of the informative Dissociated Ammonia booklet, write us 
on your company letterhead. 


ARMOUR AMMONIA DIVISION 
1353 West 31st Street « Chicago 9, Illinois 
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M-3 Arcweld Creep Rupture Tester, custom de- 
signed for labs which test smaller size specimens or 
use lighter loads. 


For accurate creep rupture testing 
choose from 8 ARCWELD models 


Wherever there’s a need for accurate, economical creep rupture test- 
ing, the answer to that need is performance-proved creep rupture 
testers from Arcweld Manufacturing Co. 

Choose from 8 compact, easy to operate, low maintenance Arcweld 
models. Capacity ranges from 6,000 to 30,000 pounds. Oversize 
Arcweld furnaces produce stable temperature up to 2,200 degrees 
maximum at no additional cost. Exclusive automatic beam leveling 
control: no matter how far the sample stretches, beam remains level. 

Other products: eight-station rotary furnace jigs for hot tensile 
testing, master control panels, twelve-furnace Universal heat treat 
units and instrument cabinets. 

Hundreds of thousands of hours of lab performance have proved 
Arcweld testing machines to be the logical choice. Clip this coupon 
or write on your business letterhead to Arcweld Manufacturing Co. 
today for more information and a complimentary Arcweld Creep 
Load Calculator. 


Please send more information about Arcweld ! 

A R CW E D testing Have oO | 
MAMmUFACTURING 

S oO M pe A N Vv Name Title 

P. O. Box 311, Grove City, Pa. Company Principal Products ; 
Phone 1470 | 


Personals . . . 


W. F. Borgerd @, after 40 years 
of engineering service for the Inter- 
national Harvester Co., has retired 
as manager of research engineering. 
During his vears with International 
Harvester, he has served in various 
supervisory positions including di- 
visional chief engineer and manager 
of engineering. 


J. F. B. Jackson @ has been ap- 
pointed managing director of the 
board of A.P.V.-Paramount Ltd., 
Crawly, Sussex, England; he has 
also joined the board of P. 1. Cast- 
ings (Altrincham) Ltd., Altrincham, 
Cheshire, England. Mr. Jackson be- 
came a member of the A.P.V.-Para- 
mount board in 1954 following five 
years as director of the British Steel 
Castings Research Assoc. 


Harry O. Walp, Jr., @ has been 
named product manager for vacuum 
heat treating furnaces for the vac- 
uum equipment division of F. J. 
Stokes Corp., Philadelphia. Since 
joining the company in 1952, Mr. 
Walp has gained field sales experi- 
ence in the New York, Philadelphia 
and New England territories of the 
company. 


James A. Glunt @ has been 
named chief metallurgist of the Alan 
Wood Steel Co., Conshohocken, Pa. 
Prior to joining Alan Wood, he was 
assistant chief metallurgist in the 
Cleveland Works Div., Jones & 
Laughlin Steel Corp. 


R. W. Joseph & and L. J. Trilli G, 
metallurgist and supervising metal- 
lurgist, respectively, of the open- 
hearth and blooming mill division, 
Inland Steel Co., East Chicago, Ind., 
have received the F. B. McKune 
Memorial Award of the American 
Institute of Mining, Metallurgical, 
and Petroleum Engineers for the 
best paper on openhearth practice 
submitted to the Openhearth Con- 
ference held in Cleveland in April. 
The runner-up paper, submitted by 
R. E. Stoll @, general supervisor, 
research and development, and E. 
C. Rudolphy @, chief development 
metallurgist, South Works, U. S. 
steel Corp., Chicago., was awarded 
the Openhearth Conference Award. 


Sed Dye @ is now employed as 


sales engineer by Sterling Steel Cast- 
ing Co., East St. Louis, Ill. 
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Save Time 
: Save Money 
| Save Trouble 


With a STANDARD HIGH 
VACUUM FURNACE 


Standard ARC, RESISTANCE AND INDUCTION 
FURNACES help you get started easily with your 
quality control program. 


Whether you want to make your product stronger, 
lighter, purer, or smoother, you can get from us a 
STANDARD vacuum furnace to do the job. 


If you haven’t considered vacuum metallurgy before, 
you owe it to yourself to investigate its many advantages. 
It improves surface quality and cuts grinding and 
finishing costs. It removes gases which cause 
embrittlement, loss of strength, and product failure. 


By contacting us you can avoid the expensive pitfalls 
which have plagued many firms that have installed high 
vacuum furnaces for the first time. NRC has built and 
operated more high vacuum furnaces than any other 
organization in the world. The availability of a 
complete line of NRC furnaces will save you time 

and money. Write us today about your problem 

in quality control or product improvement. 


Ultimate in Safety 
and productivity are provided 
with precision electrode drive 
and unique mold construction. 


EQUIPMENT 
CORPORATION 


DEPT. 1-T. CHARLEMONT ST.. NEWTON 6!, MASS. 
A Subsidiary of National Research Corporation 
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nealing, degassing, brazing and 
sintering. Temperatures to 2100 F. 
zone 36° Dx 36" high 
>. vacuum induction 
laboratory or semi-production pur- 
poses. 
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FREQUENCY 


INDUCTION 


cost or obligations. 


TYPICAL INDUCTION HEATING APPLICATIONS 


SIMULTANEOUS 
HARDENING and BRAZING 


siver souper MILD STEEL 
PREPLACED 


The machined and finished rod of air- 


DIFFUSION BONDING OF 
SPRAYED METAL COATINGS 


g 
it 


hardening steel is simultaneously har- @ ings sprayed on metal surfaces can be 
dened and brazed to a mild-steel tab. $ improved by heating to achieve alloying 
Use of ao purified hydrogen atmosphere 4 by diffusion. The drawing shows a typi- 
and a high temperature brazing alloy © cal arrangement for processing steel 
permits successful hardening of alloy 4 tube sprayed with hard facing alloy. 
steels without discoloration and scaling @ Long tubes may be progressively sprayed 


even in the absence of flux. 


and heated. 


PUNCH 
| HEATING COIL 


HEATING HIGH STRENGTH 
ALLOYS FOR FORMING 


Uniform and rapid heating of 
high strength alloys (alloy steels, 
titanium, etc.) aids in upsetting 
and forming operations and also 
minimizes oxidation and em- 
brittlement. 


Electronic Tube Generators from 1 kw “po 
Spark Gap Converters me 


from 2 kw to 30 kw 


LEPEL HIGH H FREQUENCY LABORATORIES, INC. 


55th STREET and 37th AVENUE, WOODSIDE 77, NEW YORK CITY, N. Y 


Personals .. . 


Donald M. Forney, Jr., @ recently 
assumed the duties of senior project 
engineer of the creep rupture and 
fatigue section metals branch, ma- 
terials laboratory of the Wright Air 
Development Center, Wright-Patter- 
son Air Force Base, Ohio. Before 
accepting this assignment, he was a 
test engineer in the engineering test 
laboratories structures group of Con- 
vair Div., General Dynamics Corp., 
San Diego, Calif. 


Stanley D. Whiteside @ has been 
appointed staff engineer for Lind- 
berg Industrial Corp., Chicago. Be- 
fore joining Lindberg, Mr. White- 
side was general sales manager of 
the industrial furnace and oven di- 
vision of W. S. Rockwell Corp., 
Fairfield, Conn., for 14 years. 


A. Clyde Willhelm, Jr. @ has left 
his position as plant metallurgist for 
International Silver Co., Walling- 
ford, Conn., where he was concerned 
with hot forged jet engine parts, to 
become a metallurgist in the mate- 
rials and processes section of Hayes 
Aircraft Corp., Birmingham, Ala. 


J. R. Eckley @ is now sales repre- 
sentative for Saxonburg Ceramics, 
Saxonburg, Pa., and Sauereisen 
Cements Co., Pittsburgh. 


Willard B. Pratt @, formerly vice- 
president of Bonded Diamond Prod- 
ucts of Worcester, Inc, is now presi- 
dent of Vanguard Abrasive Corp., 
Le Roy, N. Y. 


William A. Reich @ has been 
named manager of the engineering 
section of the General Electric Co. 
metallurgical products department 
in Detroit. Since joining G. E.'s 
research laboratory in 1938, Mr. 
Reich has served as head of the 
metallurgical laboratory at the 
Schenectady, N. Y., works, and more 
recently as manager of advanced 
engineering in the metallurgical 
products department (formerly Carb- 
oloy Dept.) in Detroit. 


Robert O. Offill @ has accepted a 
position as advisory engineer for 
Lindberg Industrial Corp., Chicago, 
Ill. For 10 years Mr. Offill was sales 
manager of the Midwest-Southwest 
regions of the industrial heating di- 
vision of Westinghouse Electric 
Corp., and prior to that was affiliated 
with Carnegie-Illinois Steel Co. 


METAL PROGRESS 


| 
| 
| 
( | | 
IL 
S chy," 
AIR HARDENING 
RO HEATING 
| 
134 


“They use this Super Alloy tubing in missiles, rockets and jet 


—so you know it can lick your heat and corrosion problems!” 


* “It’s made by Superior Tube in your choice of 15 different 
materials. Believe me. this tubing can take the severest con- 
ditions of heat, corrosion and oxidation. Has very high fatigue 
and creep strength even at temperatures over 1000°F.” 


If you have a temperature and corrosion problem that causes 
failure no matter what type of tubing you have tried, get your 
Superior distributor to order Super Alloy tubing for you—it is 
the tubing for virtually every critical application of this nature. 


Super Alloy tubing offers the important properties mentioned 
above, plus the dependability and longer service life built into 
it by Superior skills and experience. We will put your tubing 


through many special examinations if you want us to—eddy 
current and ultrasonic, hydrostatic, and hot tensile tests, 
Stress rupture tests, qualitative and quantitative analysis, and 
many others—for your complete assurance in its ability to 
perform as required. 


Our continuing test program on Super Alloy tubing has 
amassed much useful information on mechanical properties. 
You will want to make a study of them and their potenti! for 
use in your applications. They are covered in our Bulletin 70. 
Send for copies. Superior Tube Company, 2008 Germantown 
Ave., Norristown, Pa. 


The big name in small tubing 


NORRISTOWN, PA. 


All analyses .010 in. to ¥% in. OD—certain analyses in light walls up to 2% in. OD 


West Coast: Pacific Tube Company © 5710 Smithway St., Los Angeles 22, Calif. © RAymond 3-133! 
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Uncommon Metals Ready 
to Solve Difficult 
Problems 


Digest of “Uncommon En- 
gineering Metals’, by J. P. 
Denny and L. F. Kendall, Jr., 
General Electric Co., Schenec- 
tady, N. Y. Presented before 
the Design Engineering Con- 
ference, Chicago, April 15, 
1958. The paper was contrib- 
uted by the Machine Design 
Div. of A.S.M.E. 


awe with increasingly stringent 

environmental requirements, ma- 
terials’ engineers are finding that 
metals formerly dismissed as un- 
thinkable now merit serious consid- 
eration. metals which are 
in this picture are zirconium, haf- 
nium, vanadium, columbium, tanta- 
lum, chromium, and rhenium. All 
are available, in at least development 
quantities. 

Zirconium — Its outstanding prop- 
erty is its corrosion resistance. Medi- 
ums in which it is especially useful 
include hydrochloric, nitric, sulfuric, 
and phosphoric acids, hydrogen per- 
oxide, most chlorides, and most or- 
ganic acids. In this respect, it is 
comparable to titanium, tantalum, 
stellite, the Hastelloys, and _ stain- 
less steels. For some applications, 
zirconium is markedly better than 
any of these since it is resistant to 
both alkaline and acid mediums. 

Zirconium has a lower density 
than stainless steel; its thermal con- 
ductivity is about the same.  Al- 
though zirconium _ is moderately 
strong at room temperature, the 
strength drops rather sharply at 
elevated temperatures. As the data 
in the table indicate, alloying 
counteracts this tendency to a con- 
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Metals Engineering 


--- Interpretive Reports of World-wide Developments 


Mechanical Properties of Some Uncommon Metals 


Mera AND Test TEMPERATURE 


Zirconium 
Pure, annealed, room 
Commercial, annealed, room 


Commercial, 40% cold worked, room 


Zircaloy 2 
Annealed, room 
Annealed, 500° F. 
Hot rolled, room 
40% cold worked, room 
Hafnium 
Pure, annealed, room 
Pure, annealed, 500° F. 
Pure, hot rolled, room 
Vanadium 
Commercial, annealed 
Commercial, hot rolled, room 
Commercial, hot rolled, 1112° F. 
Commercial, hot rolled, 1832° F. 
Columbium 
Commercial, room 
Commercial, 1022° F. 
Tantalum 
Commercial 
Sheet, annealed, room 
Sheet, worked, room 
Wire, annealed, room 
Wire, worked, room 
Chromium 
Pure, annealed, 626° F. 
Pure, annealed, 1965° F. 
Rhenium 
Pure, annealed, room 
Pure, worked, room 
Pure, worked, 1850° F. 
Pure, worked, 2700° F. 


* Proportional limit. 


siderable extent. At temperatures 
above about 900° F. zirconium and 
its alloys must be protected from 
prolonged exposure te CO, CO,, 
SO., steam, hydrogen, and flue 
gases. 

Zirconium and its alloys can be 


TENSILE YIELD ELONG- 
STRENGTH, STRENGTH ATION, 
Psi. (0.2% Orrser) % 
34,000 10,000 47 
50,000 35,000 35 
80,000 70,000 13 
68,000 45,000 22 
32,000 18,000 36 
82,000 | 66,000 42 
108,000 | 99,000 36 
59,000 22,000 35 
38,000 12,000 51 
79,000 63,000 15 
70,000 63,000 32 
91,000 22 
40,000 38 
7,000 50 
39,000 | 24,000* | 49 
32,000 10,500* 24 
50,000 | 40 
110,000 - } l 
100,000 | 1] 
180,000 | | 
41,000 | 27,000 | 14 
9,000 | 9,000 104 
164,000 | 135,000 | 28 
322,000 311,000 2 
124,000 


fabricated by techniques used for 
stainless steels and titanium. Hot 
working operations must be done in 
protective sheaths or atmospheres 
except for heavy sections such as 
ingots and thick plate. In addition 
to forging, rolling, swaging, drawing, 
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Even the best automatic forging machines can be 
slowed down by one simple thing. The steel you forge. 


Unless the steel is really uniform, you'll be interrupt- 
ing production to change the setup. These readjust- 
ments take time, limit the availability of expensive 
equipment—until it’s hardly automatic any more. 

With Timken” steel you get uniformity down to the 
last ounce. We take extra steps to make our steel uni- 
form from bar to bar, heat to heat, order to order. For 
instance, we use the industry's first magnetic stirrer. 
It distributes alloys evenly, works the slag constantly 
at a uniform temperature. And we eliminate guess- 
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SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS STEEL TUBING 


it was a fully 
automatic forging 
operation... 
until we 
Started to 
forge 


work by using the industry’s first direct-reading 
spectrometer to insure more uniform grain size and 
chemical composition. 

What's more, we treat each order individually. Right 
from the start, an order is processed with the custom- 
er’s end use in mind. 


Why not insure wide-open, fully-automatic operation 
with your machines? Specify Timken fine alloy steel. 
You'll get uniform results every time without paying 
a penny extra. The Timken Roller Bearing Company, 
Steel and Tube Division, Canton 6, Ohio. Cable 
address: ‘“TIMROSCO”. 


Fine 
Alloy 
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Uncommon Metals . . . 


and forming, extrusion is useful for 
producing pipe, tubing, and complex 
shapes. Zirconium can be joined by 
welding under an inert shield or 
silver brazing in vacuum. With 
sharp, carbide-tipped tools, it is 
easily machined. 

Industrial applications of  zir- 
conium depend on its unusual prop- 
erties. Its use in boiling-water and 


pressurized-water reactors seems 
assured for the foreseeable future, 
since its nuclear properties and cor- 
rosion resistance make it nearly ideal 
for these applications. 

Lower prices will increase the use 
of zirconium for chemical process- 
ing equipment and related applica- 
tions where corrosion problems are 
severe. Among the devices which 
have been fabricated of zirconium 
are heat exchangers, valves, reaction 
vessels, agitators, fan blades, and 


5,106,250 LABORATORY DETERMINATIONS 
AND STILL GOING STRONG: 


A LARGE METALS PRODUCER REPORTS 
ON THE BAIRD-ATOMIC 
DIRECT READING SPECTROMETER: 


“During the past 10 years we have used the Baird-Atomic Direct 
Reader for spectrochemical analysis making 5,106,250 determina- 
tions in 377,350 tests controlling 70,920 heats. 

“Our laboratory costs, per determination, were reduced from 
91¢ by chemical analysis, to 4¢ with the B-A Direct Reader. 
Analytical time per test was reduced from 26 minutes to 5 min- 
utes, saving 2] minutes of furnace time (rated at $1.50 per min- 


ute), on every test. 


“Additional savings include: reduced loss of alloying elements 
— longer furnace lining life — increased efficiency in production 


planning — elimination of ‘off heats’. 


“Of course, the most important result is our ability to produce 
a HIGHER QUALITY PRODUCT for our customer.” 


This report on the B-A Direct Reading Spectrometer exem- 
plifies the long term reliability and substantial savings made 
possible by this unique, rapid method of spectrochemical analysis. 


For information on how you can reduce costs with the B-A Direct 


Reader, write to: 


Baird -Atomic, Inc. 


33 UNIVERSITY RD., CAMBRIDGE 38, MASS. 


far Refter Mnalysis 


steam ejectors for use with hydro- 
chloric acid. Other applications in- 
clude alloys, especially with mag- 
nesium as a deoxidant in steels; 
getters to remove traces of gaseous 
contaminants from electron tubes; 
seals of glass and ceramics to metal; 
pyrophorics such as flash bulbs, fire- 
works, and primers for explosives. 
Potential uses include electrolytic 
capacitors and rectifiers in place of 
presently used tantalum, surgical de- 
vices for use in the human body, and 
for hard, corrosion resistant fountain 
pen tips. 

Hafnium — This metal (present 
price about $70 per Ib.) has be- 
come available in practical quantities 
as a result of the atomic energy pro- 
gram to produce zirconium. In gen- 
eral, hafnium has the properties of 
zirconium; the most important ex- 
ception to this is the absorption of 
thermal neutrons. Pure zirconium 
absorbs very few neutrons so that it 
is useful for structural components 
in reactors. Hafnium has an un- 
usually high absorption and is use- 
ful for controlling reactors by ab- 
sorbing excess neutrons. Hafnium 
also has a higher melting point than 
zirconium, a much higher allotropic 
transition temperature, and nearly 
twice the density. Like zirconium, 
hafnium is unusually resistant to 
many corrosive fluids but is attacked 
by air and other gases at elevated 
temperatures. 

When uncontaminated by nitro- 
gen or oxygen, hafnium can be fab- 
ricated with nearly the same tech- 
niques used for zirconium. It has 
been forged, rolled, extruded, drawn, 
machined, and welded successfully. 

In addition to its use for control 
of nuclear reactors, hafnium should 
find application where the corrosion 
resistance of zirconium and a higher 
transformation temperature are 
needed. 

Vanadium — In button form this 
metal sells for about $65 per lb.; 
in the form of lumps it’s some $50 
per lb. In the hot rolled and an- 
nealed condition, vanadium has a 
pronounced yield point, and _ its 
stress-strain curve accordingly re- 
sembles that of mild steel. Its 
density is 0.22 lb. per cu.in. and its 
modulus of elasticity is 18-19 x 10° 
psi. This interesting combination of 
properties suggests possible future 
structural applications. 

From the corrosion standpoint, 
vanadium is resistant to alkaline 
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SODIUM 
hydride descaling 


tough cleaning job? 


Have you irregular castings, pipes, bars, sheets, Base metal is never attacked ...sodium hydride acts 
wire, molds that need cleaning or descaling? If that’s uniformly on high spots and crevices alike. 


your problem, try sodium hydride. This fast, money- Like to test this modern, highly efficient descaling 


saving method descales a wide range of metals and method? The coupon below will bring descriptive 


te 
alloys. And does it in only . literature. Or, if you prefer, one of our experienced 


Equipment is compact, low in cost, easily maintained. Chemical Engineers will be glad to call and discuss 
No problems of waste disposal, pitting or loss of metal. your needs. Just mark your choice. 


ETHYL CORPORATION 
for industry 


100 PARK AVENUE, NEW YORK 17, N. Y. * CHICAGO + TULSA + LOS ANGELES 


1 
ETHYL CORPORATION 
| 100 Park Avenue, New York 17, N. Y. ; 

0 Please hove ADDRESS | 
| 
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STEEL CASTINGS’ help build 


dependability into the modern 
cargo carrier... 


Transporting America’s 
products by truck-trailer is a gigantic, 
ever-increasing task—calling for dependable, 
rugged, long-lasting equipment. 

This is the reason many manufacturers of 
over-the-highway carriers specify foundry engineered 
UNITCASTINGS for many component parts. 


High quality cast steel affords intricate, one-piece designs 
.. Offers uniformity and strength for longer life, _ 
less maintenance, and more dependable product service. 


And .. . foundry engineered UNITCASTINGS, 
produced by superior methods, assure steel castings that 
are internally sound . . . surfaces that are clean and 
dimensionally accurate . . . and require minimum 
finishing. Lower finished cost is the real advantage 

of specifying UNITCASTINGS. Write for 

complete information today! 


UNITCAST CORPORATION, Toledo 9, Ohio 


In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 


SPECIFICATION 


cast 
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and hydrochloric-acid solutions, but 
is not attacked by the “water cycle” 
such as nitric, Its resistance to salt 
water may be classed as fair to good. 
There is evidence that it resists pit- 
ting by salt water but is subject to 
general corrosive attack. Its electri- 
cal resistivity at room temperature 
is 24.8 microhm-cm., a value higher 
than most of the common metals. 
It is a poor conductor of magnetic 
flux. Vanadium does not work harden 
rapidly, and may be cold worked 
readily. It is free cutting, and 
good machining results have been 
reported with tool characteristics 
similar to copper. 

High-purity vanadium has been 
extensively investigated by the 
Atomic Energy Commission, but its 
value in atomic applications is un- 
certain. It is being used as a target 
in X-ray tubes, and its broader utility 
as an engineering material presents 
interesting possibilities. The rela- 
tively high electrical resistivity of 
the metal, combined with an inter- 
mediate density and modulus of 
elasticity, merits consideration. 

Columbium — The availability of 
columbium (niobium) has changed 
from acute shortage to abundant 
supply. Powders and granules are 
being supplied by several manufac- 
turers, and wrought forms are avail- 
able on special order. Sheet, strip, 
foil, wire, rods, and other shapes can 
be produced by powder metallurgy 
or are melting followed by cold 
working. Tubes may be made by 
forming and welding of strip. 
Pressed and sintered arc melting 
electrodes are also available. Powder 
costs, depending on quantity and 
purity, vary from $43 to $76 per Ib. 

The low thermal neutron capture 
cross section of columbium (1.2 
barns) makes it attractive for 
nuclear applications; it is being used 
as the canning material for fuels in 
experimental reactors. It does not 
work harden rapidly and can be 
cold rolled and formed. It resists 
acids, although it is inferior to 
tantalum in this respect. The ma- 
terial has strength at 2200° F. com- 
parable to pure molybdenum, and 
has an attractive density (0.31 lb. 
per cu.in.) in comparison to other 
refractory metals. 

Columbium is embrittled by nitro- 
gen, and this has hampered its ready 
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BETHLEHEM STEEL C 


OMPANY, BETHLEHEM, PA. 


Highway Guard Rail Brackets 
Formed Red-Hot with Cromo-W 


The product is a steel offset bracket, 1 in. 
thick. It’s used for fastening wire rope 
to highway guard rail posts. The bracket 
is formed red-hot, with a two-stage die of 
Bethlehem Cromo-W tool steel. Between 
90,000 and 100,000 pieces are produced 
hefore redressing becomes necessary. 


Cromo-W has a 5 pet chromium con- 
tent and is one of our most popular gen- 
eral-purpose tool steels for a variety of 
hot-work applications. It offers good red- 
hardness and high shock-resistance. It 
also has good resistance to heat checking 
when cooled drastically during high- 
temperature operations, and is easy to 
machine and heat-treat. 


Cromo-W is an ideal grade of tool 
steel for such diversified uses as die cast- 


JUNE 1958 


ing dies, bolt-gripper and _bolt-header 
dies, trimmer dies, punches, and hot shear 
blades. In fact, it’s a grade you ean count 
on for long service in virtually any manu- 
facturing operation involving severe 
shock and temperature change. 


Typical Analysis 
Carbon 0.35 Tungsten 1.55 
Silicon 1.05 Molybdenum 1.65 
Chromium 5.15 
In addition to Cromo-W, Bethlehem 
offers Cromo-WV and Cromo-High V 
for die casting and extrusion work. See 
your Bethlehem tool steel distributor for 
full details on these fine hot-work grades. 


General view of the forming operation. Cromo-W is 
ideal for this hot-work application because of its 
good red-hardness and high shock-resistance. 


Distributor : 
Export Corporetion 


BETHLEHEM TOOL STEEL 
ENGINEER SAYS: 


Machining is a 

= Tearing Operation 
Close examination of the surface of a 
machined part, or chips machined from 
it, indicates the presence of countless mi- 
nute tears. Generally, the tears ean be 
seen most readily on parts machined at 
low speeds, with heavy feed and depth 
of cut. However, they are also present in 
all machined surfaces, even though not 
readily visible. The depth of surface 
tears on smooth machined tools and dies 
may be approximately one thousandth 
of an inch, or less. For this reason, the 
presence of the tears and their possible 
effects are often overlooked. 

Most tools are heat treated after 
machining. Then they are ground all 
over to produce the exact dimensions, 
and to remove seale or decarburization 
resulting from the hardening operation. 
This procedure automatically removes 
tears in the surface previously produced 
during machining. However, many tools 
are ground only on certain ‘portions, with 
the balance of the tool surfaces contain- 
ing the remains of the machining tears, 
plus heat treatment seale and decarburi- 
zation. This condition oceurs often when 
you grind only the actual working sur- 
faces which make contact with the parts. 
Tools produced by this method are more 
susceptible to failure in service because 
of stress concentration produced by the 
sharp change of section in the tears. This 
is particularly true of tools subjected to 
a large number of stress cycles in service, 
such as pneumatic tools. 


Grinding all previously machined 
surfaces of tools after hardening is an 
operation which helps improve produe- 
tion from the tools. Grinding before 
hardening will also be effective, should 
grinding after hardening be inconvenient. 
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Reduce your heat- 
treating costs with 
AGF Continuous Rotary 


Continuous Rotary Furnaces provide you with more 
automatic controlled atmosphere heat-treating furnace — 
capacity per dollar than can be-obtained with any other 
type of continuous furnace. Furnace — includes a 
‘Self-metering loading hopper 


Continuous work flow, 
coupled with gentle 
tumbling action and 
atmosphere control 
eliminates “point of 
contact” case varia- 
tions which occur in 
furnaces where the 
parts remain station- 
ary. Consistent quality 
results can be readily 
duplicated. 


(20% 


BS oF 


Complete flexibility of operation is achieved 
by the new multi-zone combustion systems 
which permit processing ferrous and non- 
ferrous parts at temperatures from 600° F 
to 1850° F. 


AGF Continuous Rotary Retort Furnaces are 
available in sizes to meet your production 
requirements. These versatile furnaces with 
automatic quenching tanks can be operated 
as integral automatic installations or they 
can be incorporated into your plant produc- 
tion line. 


let us explain their cost savings potential 
to you. Write for Bulletin No. 870. Repre- 
sentatives in most industrial areas. 


AMERICAN GAS FURNACE Co. 


“Pioneers since 1878 
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acceptance as a_ high-temperature 
structural metal. It is a super- 
conductor at temperatures below 
8 K., having the highest super- 
conducting temperature of any 
known element with the exception 
of technicium (11.2 K.). 

Most of the procedures for work- 
ing and fabricating columbium are 
conventional. It has a tenlency to 
gall during machining. Forming, 
bending, stamping, and deep draw- 
ing are done at room temperatures 
to avoid embrittlement resulting 
from reaction with gases at elevated 
temperatures. Columbium can be 
welded to itself by resistance and 
inert-are methods. 

Currently, there are no commer- 
cial uses for columbium except as an 
alloying agent. Experimental work 
is being directed towards develop- 
ing columbium-base alloys for 
elevated-temperature structural ap- 
plications and nuclear uses. Possi- 
bilities also exist for its use in 
electrolytic capacitors and in Cryo- 
trons for computer application. 

Tantalum —It is available in 
various forms, such as rod, sheet, 
wire, and foil. Tubing may be pro- 
duced by welding on special order. 
The cost of tantalum powder varies 
from $46 to $60 per Ib. depending 
on its purity. Fabricated forms are 
available at about $70 per lb. 

Tantalum has exceptional resist- 
ance to corrosion by acids such as 
hydrochloric, nitric, sulphuric, and 
phosphoric. It forms anodic oxide 
films which have good stability 
below 300° C, (572° F.). It oxidizes 
readily above this temperature, how- 
ever, and alloy development or pro- 
tective coatings will be required for 
elevated-temperature service in air. 
It has a low vapor pressure at 2225° 
C., being superior to other refractory 
metals with two exceptions (rhenium 
and tungsten). 

Tantalum may be welded to itself 
and certain other metals by resist- 
ance methods. Seam welding is 
usually done under water to prevent 
oxidation of the metal. Light weld- 
ing pressures should be used, since 
heavy pressures lead to so little 
resistance across the joint that no 
weld is made. Tantalum also can be 
joined by inert-arc welding. 

The metal can be annealed by 
heating in vacuum to above 1275° C. 
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ON HEATING 
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PROFIT. CAPACITY. ANALYSIS 
\DEA BO 


SEND TODAY for 

this new Induction Heating Booklet 
MAGNETHERMIC’S 
“Profit Capacity Analysis” 


Name 


Title 


Compan) 
Address 


City. 


HAUNTED BY THE PROFIT SQUEEZE... 
MAGNETHERMIC’S Profit Capacity Analysis 
+++ puts the squeeze on Costs... not Profits 


If the pressure’s on you for profits, put the “heat” on finding hidden production costs. 
MAGNETHERMIC Induction Heating installations are helping cost-conscious management 
leaders in many industries reduce costs, improve quality, and increase production through 
automation. Its adaptability in such operations .s extruding, metal joining, forging and heat 
treating, to name a few, can be a major cost-cutting tool for you... a MAGNETHERMIC 
analysis will quickly find the possibilities. 

MAGNETHERMIC offers skilled engineering to help custom fit its equipment to your 
applications. For a quick return on your investment, 5 minutes with this new bookler will 
show you how to put the “heat” where it belongs . . . on Costs . . . not Profits. 


MAGNET HERMIC" 
Cc O RATIO N 
3990 / YouNastowp QHIO 


Engineering Idea Leadership in Induction Heating 
60 to 450,000 CYCLES 


4 
| 
DEPT. F2 


Improve Quenching 


and You Get 


Better Heat Treating 


Your Department can have a better arrangement with 
Niagara Equipment that saves much space and 
increases your production. 


This quench 
bath cooler 
gives you 
control of 


temperature 


and pays for 
itself quickly 
with 


@ The NIAGARA AERO HEAT 
EXCHANGER transfers the heat 
from the quench bath to atmo- 
spheric air by evaporative cool- 
ing. It never fails to remove the 
heat at the rate of input, giving 
you real control of the quench 
bath temperature. This prevents 
flashing of oil quenches. In all 
cases it improves physical prop- 
erties, saves loss of your product 
from rejections and gives you 
faster production, increasing 


your heat treating capacity. You 


can put heat back into the 


quench bath to save the losses 
of a “warm-up” period. 

Savings in piping, pumping 
and power as well as great sav- 
ings in cooling water return the 
cost of the equipment to you in 


a short time. The Niagara Aero 


Heat Exchanger saves nearly 
all of the water consumed by 
conventional cooling methods. 

For the complete story of 


other benefits and savings, write 
for Bulletin 120. 


NIAGARA BLOWER COMPANY 


Over 35 Years Service in Industrial Air Engineering 


Dept. MP-6, 405 Lexington Ave. 
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New York 17, N. Y. 


Experienced District Engineers in all Principal Cities 
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(2327° F.), its recrystallization 
temperature. Cold forming is pre- 
ferred because of its oxidation char- 
acteristics. In lathe operations, high 
cutting speeds using high-speed tools 
are recommended. Slow speeds will 
cause the metal to tear. 

The most important uses for 
tantalum stem from its corrosion 
resistance. It is used in the chem- 
ical industries for handling chlorine, 
hydrochloric acid, chlorides, and 
nitric acid. Applications include 
heat exchangers, condensers, coils, 
and bayonet heaters. It is immune 
to body chemicals and has been used 
for a number of years for implants in 
the human body. Tantalum is used 
in electronic tubes, where its high 
melting point, low vapor pressure, 
gettering properties, and copious 
electron emission at reduced power 
levels are advantageous. Tantalum 
electrodes are used in electrolytic 
rectifiers, and tantalum sheet is being 
employed in capacitors. The oxide 
film which acts as the dielectric is 
formed on tantalum by anodic oxida- 
tion prior to assembly. 

Chromium — The cost of chro- 
mium powder is $1.50 to $5.50 per 
lb., depending on purity and quan- 
tity. The primary deterrent to use 
of the metal in structural applica- 
tions has been its room-temperature 
brittleness caused by nitrogen im- 
purities. Carbon is also thought to 
have deleterious effects. The oxida- 
tion resistance of chromium is good 
at elevated temperatures but inferior 
to nickel-chromium alloys. 

Because of its reactive nature, 
chromium must be melted in vacuum 
or in an inert atmosphere. The 
molten metal is usually superheated 
to obtain sufficient fluidity; casting 
temperature is about 2000° C. 
(3632° F.). Ingots are hot worked 
by extrusion, forging, and swaging. 
Sheaths are sometimes used to pre- 
vent contamination. Powder metal- 
lurgy processes also may be used for 
consolidation. 

Development priority has been 
given to the production and proper- 
ties of chromium, but only limited 
work has been done in joining, form- 
ing, and machining areas. It recently 
has been established that brittle cold 
worked chromium can often be made 
ductile by etching away the surface. 
This may be performed anodically 
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STRIP STEEL production is our specialty. From this you 


gain special benefits: experienced counsel on your strip 


applications...dimensional exactness...uniform quality, to 


speed product fabrication...the finish you want, in every 
coil. For superior quality and superior service in stain- 


less, spring, alloy or clad metal strip steels call Superior! 


Nm 
| 
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_ Superior Steel 
CARNEGIE, PENNSYLVANIA 


Prompt Delivery of any Quantity 


HARSHAW 
Nickel Anodes 


99+% 


HARSHAW XXX CAST CARBON 
NICKEL ANODES are oval 1 '/2’’ x 3”’ 
in cross section and are available in 
any length desired. Weight is approxi- 
mately 1.1 Ibs. per linear inch. They are 
normally used in dull, semi bright and 
bright nickel plating baths where the 
pH is 4.5 or lower. 


HARSHAW ROLLED OVAL CAR- 
BONIZED NICKEL ANODES are 14"’ 
x 3”’ in cross section and are avail- 
able in any length desired. Weight is 
approximately 1 Ib. per linear inch. 
They are generally used in dull, semi 
bright and bright nickel plating baths 
where the pH is 4.5 or lower. 


HARSHAW ROLLED OVAL DEPO- 
LARIZED NICKEL ANODES hove the 
same cross section and weight as tne 
rolled oval carbonized nickel anode 
and are also available in any length 
desired. These anodes are generally 
used in nickel plating baths where the 


pH is 4.0 or higher; they are extremely 
suitable for such use, as they will cor- 
rode well over a wide range of operat- 
ing conditions. 


PACKAGES 


Harshaw anodes are wrapped in a 
fibre reinforced laminated (without as- 
phalt) paper. They are protected from 
tramp oils, dirt and grease and remain 
clean until used. The possibility of such 
contaminents being introduced into the 
plating solution from anodes is thus kept 
to a minimum. 

Harshaw anodes are shipped in com- 
pact packages which feature built-in 
skids and facilitate quick handling by 
mechanical or hand trucks. The pack- 
ages stack easily and quickly. Also, no 
deposits or returnables are involved 
with this type of packaging. 

Harshaw Nickel Anodes are readily 
available and prompt shipment of any 
quantity will be made upon receipt of 
your order. 


Recasting Service 


‘THE HARSHAW CHEMICAL COMPANY 


"CHICAGO, ILLINOIS » CINCINNATI, OHIO + CLEVELAND, OHIO 
| DETROIT, MICH. * HOUSTON, .TEXAS + LOS ANGELES, CALIF. 

HASTINGS-ON-HUDSON, N. Y. + PHILADELPHIA, PENNSYLVANIA 


Our foundry facilities are available 
for recasting nickel anode scrap. 
Contact your nearest Harshaw 
Branch for further details. 
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HAYNES Alloys solve the tough heat problems 


Ramjet Tailpipes 
TAKE OVER 2,000 deg. F. 
at 1500 mph 


Tailpipes made of MULTIMET alloy sheet only 0.051 to 
0.078 in. thick withstand the extreme temperatures and 
vibration encountered during the operation of high 
speed ramjets. This is due to the superior high-tempera- 
ture strength and resistance to oxidation of this 
HAYNES alloy. 

MULTIMET alloy is one of the many HAYNES alloys 
capable of extending the service life of parts exposed 
to high temperatures, oxidation, and 
stress. For descriptive literature write 
HAYNES STELLITE COMPANY, Divi- 
sion of Union Carbide Corporation, 
General Offices and Works, Kokomo, 
Indiana. Or contact our nearest sales 
office . . . Chicago, Cleveland, Detroit, 
Houston, Los Angeles, New York and 
San Francisco. 


ALLOYS 
HAYNES STELLITE COMPANY 


Division of Union Carbide Corporation 


Kokomo, Indiana 


Ramjet tailpipes are formed from MULTIMET 
alloy sheet in four sections. The entire assembly is 
over 2 ft. in diameter at the large end and nearly 
seven ft. long. 


The terms “Haynes,” “Multimet”™ and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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in a phosphoric acid-sulphuric acid 
bath or by direct immersion in 
hydrochloric acid solution. The 
effect is attributed to the removal of 
heavily nitrided surface layers 
formed during fabrication. 

The potentialities of chromium 
and chromium-base alloys for struc- 
tural application are not regarded 
as good at the present time. Work 
is continuing and a technical break- 
through is definitely within the realm 
of possibility. It is considered likely 
that the initial application of 
chromium-base alloys will be in 
other areas such as bearings, tool 
and die materials, where high hard- 


L&I ab ness developed by surface reactions 

Here’s an Gr S| with nitrogen can be employed 
one advantageously. 

exciting new game: Rhenium — Its outstanding prop- 

erties are high melting point, low 


PUT your products in the barrel sr pene, dy am 


temperature, and strength. 
Rhenium powder is quoted at about 
TAKE your profits out $2000 per lb.; no doubt the price 


reflects a lack of demand and will 


One of the greatest money-saving opportunities in metal- be reduced as production rises to 
working lies in the use of barrels to finish parts by the - greater levels. 
hundreds in place of conventional methods that finish ae pea age el gl 
the fourth highest among the 
Barrel finishing makes easy work of many tough jobs of ments; its melting point, which is 
grinding, deburring and buffing by wheel. second only to graphite and tung- 
sten; and its vapor pressure, which 
One Oakite customer changed to barrel methods to de- is much lower than that of either 
burr curved stainless steel strips that are 14 inches long. ee - yea. eer Although it 
The cost for deburring 20,000 strips was reduced from Resting 


in air, it is stable in hydrogen or 


vacuum. 
Cakite Materials for Rhenium, unlike tungsten, is 
FREE For a copy of i.” PRECISION not attacked by the “water cycle” 


“Precision Barrel Finishing” a BARREL a produces failure of tungsten 
aments in v 
—containing valuable infor- FINISHING ments in vacuum tubes by cor 


: , tinuously depositing tungsten on the 
mation on cutting down, 

deburring, descaling, and Rhenium has been shown to be 
burnishing—write to Oakite resistant to molten tin, zinc, copper, 
Products, Inc., 34E Rector and silver, although it fails in alumi- 
Street, New York 6, N. Y. 


$3,000 to $125.00. 


num, nickel and iron. It is also 
ft unattacked by aluminum oxide dur- 

dow ing 7000 hr. at 2900° F. 

Many of the mechanical properties 
of rhenium are interesting: Its 
modulus of elasticity is exceeded 
et only by osmium and iridium, its ten- 
Cable Address: Oakite sile strength at room temperature is 
higher than tungsten, and it is appre- 
ciably ductile at room temperature 
(es in contrast to tungsten. At elevated 

Lg temperatures, the ductility of rheni- 
um is poor, although in tensile and 


Technical Service Representatives in Principal Cities of U.S. and Canada 
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Superior Quality, Retained in YOUR Product 
... UDDEHOLM Strip Steel 


Quality of materials is something that will always show 
up in the final product. So why not take advantage of the 
extra quality available in Uddeholm Swedish Strip 
Steel. For, besides transferring its inherent quality to 
your product, such a steel can seriously lessen production 
problems and rejects. 

Reasons for Uddeholm Strip Steel “quality” are easy 
to explain. As a raw material Uddeholm uses famous 
Varmland iron ore, world-renowned for its exceptional 
purity. Added to this is a traditional craftsmanship in 
steelmaking almost three centuries old—where only the 
finest steel is accepted. Final perfection is guaranteed by 
a selective system of rigid inspection. 


In terms of your application, then, this means cold- 
rolled strip steel of consistent uniformity, undeviating 
flatness, and fine finish—with straightness of edges and 
accurate dimensional tolerances throughout. And these 
features are combined in the grade, finish and dimensions 
you need, whatever your requirements. Widths range 


from 


cr 


to 1614”, thicknesses from .001” to .125 
Tolerances as close as +.00008” are possible. Slitting 
and edging facilities are also available. 

Uddeholm Strip Steels appear in countless applica- 
tions, including Stainless Steel products, stampings, intri- 
cate machine parts, all types of blades and springs, and 
many others. For quick delivery just phone us your needs. 


Write for latest Strip Steel Stock List 


UDDEHOLM COMPANY OF AMERICA, INC. 


Tool and Die Steels 
Specialty Strip Steels 


Offices and 
Warehouses 


New York: 155 East 44th Street, MUrray Hill 7-4575 
Cleveland: 4540 East 7ist Street, Dlamond 1-1110 
Los Angeles: 5037 Telegraph Road, ANgelus 2-512! 
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creep-rupture properties it is supe- 
rior to tantalum, columbium, and 
tungsten up to at least 2500° F. 
The main potential applications of 
rhenium include electron tubes, and 
contacts in electrical relays and 
switches. Its use in electron tubes 
is attractive because of its inertness 
to the “water cycle”, its strength, 
and its refractory nature. The ap- 


plicability of the metal and several 
binary alloys with tungsten and 
molybdenum is currently being 
investigated, 

Rhenium as a contact metal has 
already been put to limited use in 
magnetos for marine engines. In 
this case, its resistance to corrosion 
in salt water combined with its 
resistance to electrical erosion and 
its high strength and ductility make 
it especially attractive. Its use is 
indicated for other applications 


“| Get Safe and Economical Welding Inspections 
with Portable, Gamma Radiography Machine” 


The President of Universal Technical Testing Laboratories Inc., 
Havertown, Pa., praises the safety, portability, economy and versa- 
tility of Nuclear Systems’ Model 40 Iriditron radiography machine. 

Said Mr. William J. Duffy, “It weighs only 40 pounds and one 
man can put it in the trunk of a car, take it to the job and make 
quick and safe exposures. This portability saves us time and money. 

“Using Iridium 192 as the source, this Model 40 machine is 
equivalent to a 440 KVP X-ray machine.” 

Nuclear Systems provides a complete line of radiography 
equipment enabling you to make on-the-spot exposures at refiner- 
ies, foundries and for field work such as pipelines. 

Call on Nuclear Systems for all your radiography equipment 
needs. Offices in Philadelphia, Chicago, San Francisco and Los 
Angeles. Sales representatives in major cities. Catalog on request. 


OF THE BUDD COMPANY. Philadelphia 3 


2 


requiring these properties, such as 
pen points. 

For measurement of very high 
temperatures, thermocouples of 
rhenium with tungsten, molyb- 
denum, or tantalum are usable to 


about 4500° F. AGS. 


Weld Failures Overcome 
By Roll Planishing 


Digest of “Roll Planishing 
Improves Weld-Joint Efficiency 
and Quality”, by H. L. Mere- 
dith and B. R. Russell, Welding 
Journal, Vol. 36, February 1957, 
p. 113-117. 


NCREASED YIELD and _ tensile 

strengths, slightly decreased elon- 
gation and improved fatigue strength 
are among the principal effects of 
roll planishing inert-gas arc welds 
in stainless steel and aluminum alloy 
sheet materials. An aircraft com- 
pany was experiencing weld joint 
failures in aluminum alloy nose cone 
sections of the Corporal missile, and 
in the effort to correct the trouble 
turned first to cold working by ham- 
mer planishing the longitudinal 
welds. Although failures were 
eliminated, hammer planishing was 
too slow and required skilled metal- 
smiths so a 10-ton heavy-duty roll 
planishing machine was built. It 
was proof tested by planishing 
square butt welds, made by the sub- 
merged-are process in 12-gage mild 
steel. The two rollers of the ma- 


Driving Roll 


Pressure Pressure 


Rotation 


Resistance Resistance 


Idler Roli 


chine are diametrically opposed and 
are shaped to exert pressure at a 
small contact area. The top roller 
is the driver, the lower the follower 
(see diagram). Magnitude of the 
output load can be adjusted pneu- 
matically, from 0 to 20,000 Ib. 
Hence, if a weld % in. wide is to be 
roll planished, a compressive force 
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FIRE-RESISTANT. 


THATS WHY WE USE WEIRZIN IN OUR STUD SYSTEMS!” 


says G. A. Stevenson, vice president of Penn Metal Company, Inc., Parkersburg, W. Va., 
maker of PERMALOCK nailable metal stud systems. 


“Broadly speaking, our choice of Weirzin electrolytically zinc-coated steel is based on 
two factors: performance in our products and performance in our production lines. 


“With Weirzin, of course, our stud systems have the strength, rigidity and high degree 
of fire resistance inherent in steel. And because Weirzin’'s zinc coating is completely 
integrated with the steel, we have the added assurance of a corrosion-free life 
for our systems. 


“In our production lines, Weirzin goes smoothly through every operation—no flaking 
or peeling regardless of the severity of the fabrication stresses. 


“Briefly, we feel that Weirzin has helped us to produce a quality product that gives 
our customers solid value at low cost.” 


Strong! Highly resistant to fire! Highly resistant to corrosion! Easy to fabricate! 
That's Weirzin electrolytically zinc-coated steel. For more information on Weirzin 
send for free booklet. Write Weirton Steel Company, Dept. S, Weirton, West Virginia. 
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WEIRTON STEEL 
COMPANY 


WEIRTON, WEST VIRGINIA 


division of 


NATIONAL STEEL ae CORPORATION 
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efficient 


Capacities from 
17 to 500 cfm. 


... THE MICROVAC vacuum 


SLIM .. . the vertical design of the Microvac 
saves valuable floor space. TRIM .. . the com- 
pact appearance of the Microvac reflects the 
sensible approach to modern, integrated con- 
struction. EFFICIENT . . . over its entire pres- 
sure range, the Microvac affords top operating 
performance. 


Add these exclusive features to everything you 
normally expect in a good vacuum pump... and 
it’s easy to understand why so many more com- 
panies are using the Microvac. Call your nearest 
Stokes office for information specifically related 
to your requirements. 


Vacuum Equipment Division 
F. J. STOKES CORPORATION 
5500 Tabor Road, Philadelphia 20, Pa. 
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as high as 416,000 psi. will be at- 
tained if the driver roll makes %-in. 
wide contact at 130,000 Ib. 

Correct application of the planish- 
ing process depends upon six vari- 
ables: base metal thickness, weld 
width and contour, weld reinforce- 
ment height, roll planishing pres- 
sure, surface speed, and surface 
finish. Of these, weld reinforcement 
height and width are the most impor- 
tant and must be rigidly controlled 
during welding. For a given metal 
thickness, the weld width should be 
held within a range of three to 
five times the base metal thickness. 
Where filler metal is used, the height 
of weld reinforcement for both the 
weld bead crest and root should be 
held approximately flush. Where 
no filler wire is used and the weld 
joint is merely fused together, the 
weld bead height above the base 
metal surface is generally zero or 
concave; therefore it is necessary to 
control the concavity in metal thick- 
nesses of 0.020 to 0.070 in., that is, 
concavity should never be greater 
than 0.010 in. deep. If the welding 
bead is a convex shape, then the 
reinforcement should not be greater 
than 20% of the metal thickness 
above the surface. 

Other objectives of roll planishing 
are to relieve weld shrinkage strain 
and flatten and smooth weld sur- 
faces. Consequently it is necessary 
to control cross-sectional area of the 
weld. Just enough weld reinforce- 
ment is required so that it may be 
compressed enough to refine the sur- 
face grain structure, counteract 
shrinkage strain and be flattened as 
well. 

Loss in weld joint strength is at- 
tributable to (a) loss in _ tensile 
strength due to the weld being a 
cast metal, (b) loss in ductility, 
(c) notch effect caused by abrupt 
change in thickness at the weld 
edge, and (d) enlarged grain struc- 
ture at the heat affected zone. 

Roll planishing is limited only by 
the characteristics of the weld joint 
configuration and the metallurgical 
limitations of the base metal. Thus, 
a square butt weld in 0.040-in. thick 
1100-0 aluminum may be planished 
several times at 40 psi. pressure, but 
a square butt weld in 0.040-in. thick 
Ti-75 titanium may be planished 
only once. A. H. ALLEN 
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Radiographer Harold B. Allen of TWA, shown on the wing of a TWA Constellation, is placing 
the x-ray machine in position to check the lower wing skin of the inboard engine nacelle. 


“For critical aircraft inspection, 


TWA uses Du Pont x-ray film” 


reports Mr. Norman W. Grotz, Manager of Inspection at 
Trans World Airlines Overhaul Base in Parkville, Missouri 


Each TWA airliner is fully inspected after each 
3000 hours of flight time to conform to TWA safety 
requirements. The use of x-ray has enabled TWA 
to save approximately 150 man-hours per major 
overhaul and has made it possible to accurately 
check structural integrity of areas invisible with 
other methods. 


Most of the film used at the Parkville Overhaul 
Base is DuPont x-ray film. Explaining why, 
Mr. Grotz says, “We tested all available x-ray films 
to determine their suitability. Du Pont film met all 
of our stringent requirements, including fine grain 
for visualization of critical detail. And the service 
of the Du Pont Technical Representatives is excel- 
lent—an important factor in our use of this film. 


“Some of the vital checks we make with Du Pont 
film are for foreign particles in the engine oil coolers, 
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Better Things for Better Living . . . through Chemistry 


various hydraulic cylinders and the engine nacelles,” 
continues Mr. Grotz. “The bottom skin of the wing. 
1, inch aluminum, is subjected to heavy stress. With 
Du Pont film, we can easily check the bottom skin 
through four other layers of metal and feel confident 
about the accuracy of our findings.” 


Mr. Grotz is in charge of inspecting each of 
TWA’s 135 Constellations. “By combining technical 
know-how,” he concludes, “with fine equipment and 
materials like Du Pont x-ray film, we are daily im- 
proving our inspection procedures while maintain- 


ing TWA’s fine safety record in the sky.” 


For quality you can depend on, with the finest 
technical service, use Du Pont Industrial X-ray Film. 
If you want more information, call the nearest 
Du Pont Sales Office, or write Du Pont Photo 
Products Department, 2420-2 Nemours Building, 
Wilmington 98, Delaware. In Canada: Du Pont 
Company of Canada (1956) Limited, Toronto. 
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Here are two good examples of our work 
in high-nickel castings! 


These are in the Duraloy HT group 
calling for Ni 33.37 percent. We've 
gone as high as 68% nickel on 
some castings where extremely 


corrosive conditions had to be re- 
sisted. The important factor con- 
cerning castings for exceptionally 
high temperatures is that they must 
retain their structural form under 
load. 


Knowing just how much nickel 
to put in and how much chromium 
and other alloying elements de- 
pends to a large extent on experi- 
ence .. . and it is experience that 
we can offer you for the castings 
you need. We’ve been producing 
static castings since 1922 and cen- 
trifugal castings since 1933, being 
among the pioneer founders in 
each class. 


If you would care to have our 
metallurgist study your casting 
problem, we shall be glad to have 
you call upon us for the service. 


OFFICE AND PLANT: Scottdale, Pa. 

EASTERN OFFICE: 12 East 41st Street, New York 17, W. Y. 
ATLANTA OFFICE: 76—4th Street, N.W. 

CHICAGO OFFICE: 332 South Michigan Avenue 

DETROIT OFFICE: 23906 Woodward Avenue, Pleasant Ridge, Mich. 


high temperatures and very severe . 


Formation Mechanism 
of Graphite Nuclei 


Digest of “Mechanism of the 
Influence of Preliminary Quench- 
ing of White Cast Iron on the 
Formation of Graphite Nuclei”, 
by A. F. Landa and V. D. Yak- 
hnina, Metallovedenie i Obra- 
botka Metallov (Russia), No. 
12, 1956, p. 46-50. 


HE PROGRESS of graphitization 

during annealing (malleablizing ) 
of white cast iron depends on the 
number of graphite nuclei that are 
present. The greater this number 
the faster is the graphitization proc- 
ess. Among the methods for in- 
creasing the number of graphite nu- 
clei are: increasing the amount of 
silicon, modifying the iron, raising 
the annealing temperature, and pre- 
liminary quenching of the white 
iron. Although this last method has 
not been widely applied because of 
technical difficulties, it is interesting 
because of the light it can shed on 
the mechanism of formation of 
graphite nuclei. 

Various opinions are held con- 
cerning nucleus formation in the 
graphitization process. Some au- 
thors believe that the nuclei form 
from the solid solution and appear 
at the boundaries between austenite 
grains. Others believe that cement- 
ite is the source of the nuclei and 
that they form preferentially at ce- 
mentite-austenite interfaces. The 
rate of graphitization would be in- 
creased, according to either of these 
theories, by the formation of :nicro- 
cracks during a quenching treat- 
ment that produced martensite. 

To obtain further information on 
this problem, a study was made of 
white iron castings containing 3.3% 
carbon and 0.54% silicon. Prior 
to a graphitization treatment at 
1560° F., the specimens were given 
a 5 hr. degassing treatment at 
570° F. plus one of the preliminary 
treatments listed in the table. The 
Brinell hardness of the unannealed 
castings was 660. The hardness 
values of the table show that the 
specimen quenched from 1650° F. 
and then annealed at 1560° F. 
graphitized more rapidly than the 
specimen quenched from 1435° F. 
This was explained as follows: The 
secondary cementite in the specimen 
quenched from 1435° F. was dis- 
solved at 1560° F. while that in the 
specimen quenched from 1650° F. 
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PLAST-IRON 
POWDERS 


NEW 


Grade B-280 
Reduced * 80 Mesh 


Improved Sponge 
Powder 
Complete 
Interchangeability 
For Present Dies 
Competitively Designed 
Competitively Priced 


METALS 


PLASTIC 
METALS 


2958 Bridge Street 


JOHNSTOWN, PA. 


JUNE 1958 


was not. The cementite particles 
in the latter specimen were the 
source of the more numerous graph- 
ite nuclei that could be seen under 
the microscope. 

To distinguish between the effects 
of microcracks (produced by water 
quenching) and the effects of ce- 
mentite particles, some specimens 
were given a milder quench — into 
a lead bath at 615° F. The hard- 
ness data of the table show that the 
rate of graphitization was again 
faster for the specimen quenched 
from a temperature above the 
annealing temperature employed. 
That is, undissolved cementite par- 
ticles were again serving as sources 
of graphite nuclei. However, the 
rate of graphitization of the speci- 
men quenched in the lead bath was 
lower than that of the specimen 
quenched from the same tempera- 
ture but into water. This effect was 
attributed to the absence of micro- 
cracks in the specimen given the 
milder quench. 

The last preliminary heat treat- 
ment listed in the table shows that 
a tempering operation following 
quenching accelerates graphitization 
relative to an untempered specimen. 
This result is reasonable since the 
small cementite particles produced 
during tempering can serve as 
sources of graphite nuclei. 

A. G. Guy 


Weather Influences 
Hydrogen in Steel 


Digest of “Hydrogen in Elec- 
tric Steelmaking”, by T. W. 
Merrill, Vancoram Review, Vol. 
12, No. 2, Fall 1957. p. 14-15. 


ANADIUM CurRP. of America under- 

took an experiment in the expec- 
tation of establishing quantitatively 
the effect of some of the variables 
which determine the final hydrogen 
content in steel. The experiment 
work was done in cooperation with 
Battelle Memorial Institute and 
Green River Steel Corp. 

S.A.E. 4340 steel, made to air- 
craft quality specifications, was pro- 
duced in a 70-ton basic-lined electric 
arc furnace. The variables that it 
was hoped to evaluate and which 
were to be intentionally varied were 
as follows: (a) The melt-down car- 
bon and the rate of carbon oxidation; 
(b) the method of carbon oxidation, 


Malleabrasive goes for ‘more rides” — 
retains its grade particle size longer —has 
longer cleaning life, because of its 
own exclusive metallurgical structure — 
found in no other metal abrasive. 

Tough and shatter-resistant, its slow 
breakdown rate prevents the excessively 
fast accumulation of “fines” that slow 
up cleaning, destroy machine replacement 
parts and build up cleaning costs. 

Yes, cleaning costs ore lower with 
Malleabrasive—proven in plant after 
plant. We'll show you why—cite 
you cases. Write us. 


THE GLOBE STEEL ABRASIVE CO. 


Mansfield, Ohie 


Seld by Pengbern Corp., Hogerstown, Md., ond by mony lending 
distribeters of foundry supplies frem coast te coast 
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furnace - quench tanks- 
furnace (corner ) 
positioning 


furnace -furnace- quench; 


tanks (side-by-side) 
positioning 


furnace \quench tanks 4 


furnace (side by. side ) 
positioning 


furnace company 


| STREET 
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...4 Complete set-up for 
heat-treating small tools 


small tool 
furnaces 


Contains a pre-heat furnace, a high-heat furnace 
and quench tanks in a unit designed for convenient 
positioning in your shop. Furnace sections are equip- 
ped with casters. 

Temperature range permits treatment of all high 
speed steels including cobalt type. 

Waltz small tool furnaces are “money makers” in 
many shops throughout the country. Enjoy the lucra- 
tive advantages of heat-treating facilities right in 
your own shop. 

A complete line of Waltz standard or special heat- 
treating furnaces using all types of fuels are built to 
suit your requirements. Write for comprehensive illus- 
trated bulletins. 


Waltz Furnace Co., 
Symmes Street, 
Dept. W 


Please send without obligation 
engineering bulletins—Waltz Heat- 
treating Furnaces. 


NAME___ 
COMPANY. 
ADDRESS. 


, Ohio 
CHOICE 
DISTRIBUTOR 
TERRITORIES 
NOW OPEN— 
WRITE TODAY 


OHIO 


Weather Influence . . . 


whether oxygen gas, mill scale or 
iron ore; (c) moisture content of the 
lime; (d) moisture content of the 
mill scale and ore used; (e) the time 
at which alloy additions were made; 
and (f) the method of deoxidation. 

Unfortunately, these experiments 
had to be discontinued after four 
heats had been studied. However, 
the first two heats were made on 
warm, rainy days while the second 
two were made on cool, dry days. 
This introduced an _ unintentional 
variable that proved to be of major 
importance. 

Experimental Technique — Sam- 
ples for the hydrogen determination 
were taken at frequent intervals 
throughout each of the heats, using a 
modified Taylor sampling device. A 
spoonful of steel was taken from the 
furnace or pouring stream, killed 
with aluminum, and the sample 
drawn up in a tapered copper cyl- 
inder by suction. The resulting test 
cylinder was removed from the cop- 
per tube as quickly as possible and 
placed in liquid nitrogen, where it 
was kept for several days until it 
could be analyzed for hydrogen by 
the vacuum fusion method. 

Results — It was found that the 
hydrogen content of each heat de- 
creased from its initial value during 
the oxidation period to a minimum 
value corresponding to the end of 
the oxidation period, after which it 
increased steadily until the heat was 
tapped. While the initial value of 
hydrogen after the charge was 
melted varied from about 2% to 5 
ppm., the minimum content at the 
end of the oxidation period was 
about the same for all the four heats 
— between 1% and 2 ppm. The rate 
of subsequent increase in hydrogen 
content was similar for the first two 
heats, and this rate was greater than 
that for the second two heats. The 
maximum hydrogen content was 
greater for the first two heats than 
that for the second two heats. 

It appears that the weather, or 
more specifically the moisture con- 
tent of the air in the furnace, was 
the most important factor in deter- 
mining the rate of hydrogen absorp- 
tion into the molten steel. Variations 
in the rate of carbon oxidation did 
not appear to have influenced sig- 
nificantly the total quantity of hy- 

(Continued on p. 158) 


METAL PROGRESS 


| 
WALTZ 
“4 
\ 
| 
‘ 
4 
‘ 
| 
| 


GAS-FIRED 


HOMOCA 


FURNACE 


A load of SAE 4140 steel 
slidebars being unloaded from 
Muehlemeyer’s gas-fired furnace. 
Carbon‘and temperature control 
panels can be seen at right. 
Above is the same furnace 

... measuring 15 feet high by 
6% feet in diameter... ready 

to leave the LEN shipping 

dock in Philadelphia. 


WORLD'S 
LARGEST 


Gas-Fired Homocarb’ 
Furnace Installed 


“This equipment took a sizable bite out of 
our limited expansion capital,” says Carl H. 
Muehlemeyer, President of O. T. Muehle- 
meyer Heat Treating Company, commer- 
cial heat treaters in Rockford, IIl., “but we 
chose it deliberately after much considera- 
tion because we know that with it, we can 
give our customers the quality and service 
they require at a competitive cost.” 


Muehlemeyer points out that, “This fur- 
nace is part of a quality-control expansion 
program extending over the next several 
years. It reached us from Leeds & North- 
rup ready for installation with complete 
instrumentation for Speedomax tempera- 
ture control and Microcarb atmosphere 
control.” 


Only recently has a complete line of gas- 
fired Homocarb furnaces, equivalent in de- 
sign, construction and instrumentation to 
electrically-fired units been introduced. 
Combining precision control of carbon po- 
tential with the economy of gas-firing, 
these furnaces can be used interchangeably 
for case carburizing, carbon restoration, 
homogeneous carburizing or hardening. 
These factors strongly influenced Muehle- 
meyer’s choice. 


For more information just write us at 4927 Stenton Ave., Phila. 44, Pa.  WIUEU 
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LEEDS NORTHRUP 
instruments 


me’ automatic controls « furnaces 
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by Carl F. Joseph 
Technical Director 


CENTRAL FOUNDRY DIVISION 


GENERAL MOTORS 
CORPORATION 


..... lhe metallurgy of 


The secret of a stronger iron casting lies in the com- 
position, the melting «nd the heat-treating processes. 
Perhaps I should use some other word than “secret,” 
because the fact is well known today, but in 1925, 
when we started our search for a stronger iron, the 
principle was well known only in respect to steel. 


Our research led us to think that heat-treating could 
improve iron as well. After considerable experimenta- 
tion, we learned how to arrest the malleablizing proc- 
ess to produce an improved pearlitic malleable iron 
. .. an iron that compares favorably with the proper- 
ties of a good grade forged steel. It is from the words 
“Arrested Malleable iron with Steel-like character- 
istics” that the name ‘“‘ArmaSteel”’ was coined. 


The raw materials and melting process for ArmaSteel 
are very similar to those of our malleable iron. . . the 
major difference being in the heat-treat cycle. In the 
cupola, we melt steel scrap, ferrosilicon, and remelt. 
We add .0025% boron to the charge to assist in 
breaking down carbides during malleablizing. 


Next, the molten iron is tapped into a forehearth 
where it is desulphurized with soda ash. This removes 
small particles of slag and impurities, thus improving 
machinability of the casting. After refining in an 
electric furnace, the iron is tapped into ladles. 


To improve the physical properties on certain cast- 
ings, .007% bismuth is added as a ladle inoculant: this 
stabilizes the carbides during the initial freezing of the 
metal. On heavy castings such as the Pontiac crank- 
shaft, up to .02% bismuth is added. This bismuth- 
boron combination is a new development. 


I mentioned before that the heat-treating of Arma- 
Steel greatly affected its properties. Actually, we use 
several different heat-treatments to produce the 
several ranges of ArmaSteel. All are alike during the 
malleablizing cycle, where the massive carbides are 
eliminated. Malleablizing requires about 20 hours: 
the castings are held at 1750°F.. for 10 hours, and near 
the end of the cycle are dropped to 1650°F., after 


strength and 


which they are air-quenched. Brinell hardness at this 
point is around 300, 


Tempering brings the Brinell hardness down to cus- 
tomer’s specifications. We produce two standard 
Brinell ranges of air-quenched and tempered Arma- 
Steel ... BHN 197 to 241 (3.9-4.3 mm.), and 163 to 
207 (4.2-4.7 mm.). The castings are tempered in a 
recirculating furnace. The harder material is in the 
furnace for a total of six hours and forty minutes, and 
is held at heat for three and one half to four hours at 
1270° to 1290°F. The softer material uses the same 
time cycle but higher heat . . . from 1320° to 1340°F. 


For automobile crankshafts, a special hardness range 
is used. The ArmaSteel is air-quenched and tempered, 
but the tempering is for six hours at 1200°F., which 
produces a harder material (BHN 217 to 269). 


Two other types of ArmaSteel are produced by re- 
heating the air-quenched castings to 1600°, holding at 
heat for thirty minutes, then oil-quenching. These are 
then tempered for three and one half hours at 1170° to 
1190°F. BHN is 241 to 269 (3.7-3.9 mm.) and 269 to 
302 (3.5-3.7 mm.). 


I’ve gone into detail on heat-treating because it has 
such a great effect on mechanical properties. Tem- 
pering directly controls the amount of combined 
carbon in the matrix, and this in turn dictates how 
hard and strong the ArmaSteel will be . . . the higher 
the combined carbon, the stronger, harder, and less 
ductile the casting. Thus, the engineer can choose the 
combination of properties best suited to his applica- 
tion. I can best explain the results of this careful heat- 
treatment by giving you a brief list of the mechanical 
properties of ArmaSteel. 


1. Machinability . . . Because of the carbon nodules in 
the pearlite matrix, the machinability of ArmaSteel is 
generally from 10 to 30 percent better than that of 
steel forgings of the same Brinell. Improvements of up 
to ten times longer tool life and three times more 
pieces per machine have been shown. 
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ArmaStee!l small horsepower en- 
gine crankshafts provide good 
damping qualities and modest cost 
due to excellent machinability. 


Universal joint yokes of Arma- 


stresses to same extent as former 


JUNE 1958 


2. Selective Hardening . . . ArmaSteel responds readily 
to localized hardening, either by flame or induction 
methods. A minimum of Rockwell “‘C’”’ 50 is ob- 
tainable on such parts as shifter yokes, rocker arms, 
and gears. Some applications use the lead immersion 
or hot salt bath methods, followed by an oil-quench. 


3. Bearing Properties . . . ArmaSteel is such an ef- 
ficient bearing material on a hardened steel shaft that 
bronze bushings are often eliminated. The automotive 
rocker arm illustrates this excellent non-seizing prop- 
erty in metal-to-metal wear. 


4. High Yield Ratio . . . The oil-quenched and tem- 
pered ArmaSteel has a minimum yield strength of 
80,000 psi and ultimate strength of 100,000 psi, 
making it ideal for highly stressed parts. 


5. Fine Machine Finish . . . A mirror-like finish can be 
produced on ArmaSteel. Diesel pistons are an appli- 


ARMASTEEL from the standpoint of 


machinability 


stand up under severe 


1145 or 1151 forgings. 


Pontiac's conversion to ArmaStee!l Crankshafts 
doubled cutter life and speeded up by 50% the 
grinding of main journals. 


CENTRAL FOUNDRY 


GENERAL MOTORS CORPORATION 


cation where this fine finish reduces friction wear to 
a minimum. 


6. Damping Characteristics . . . In both small engines 
and in automotive engines, ArmaSteel crankshafts 
exhibit a fine damping capacity that aids quiet 
operation. 


7. Wear Resistance . . . ArmaSteel withstands exces- 
sive wear under heavy loads at high speed. 


8. Fatigue Life . . . ArmaSteel has good resistance to 
fatigue, giving maximum endurance and long life. 


As countless and varied applications have proven, 
ArmaSteel is an outstanding engineering material. 
For information on how your product can benefit from 
this modern casting metal, write for our ““ArmaSteel’”’ 
catalog. 


ArmeSteel’s adaptability to localized 
hardening poys off especially well 
on these aviomotive rocker arms. 


Because of its excellent wear resist- 
ance, oil-quenched and tempered Arma- 
Steel with a Brinell of 241 to 269 has 
replaced on SAE steel forging for this 
automotive reverse internal gear 
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Which of these 
ROHCO' Zinc Brighteners 
is BEST for you? 


If it is greatest brilliance with 3-D depth for mirror-like 
finish that you want, ROHCO 100 Barrel Zine Brightener 
produces like the champion it is. What’s more, it exhibits 
highest covering power that puts substantial thickness of 
deposit in recesses usually unplated. Your customer will 
notice the difference, too. 


Fer plated parts that call for utility bright deposits— 
where bright dipping after plating is planned—ROHCO 
150 Barrel Zine Brightener cannot be equaled in quality 
with economy. This latest development is an exceptionally 
powerful barrel zine brightener for cyanide zinc plating 
baths. 


Whichever of these two fine production brighteners meets 
your purpose, you can rest assured that your customers 
are getting the best in brilliance and economy . . . and 
they'll be back for more. The ROHCO Addition Agents 
are proving this day-in-and-day-out to discriminating 
platers who have found the best—by test! 


Write for ROHCO Technical Bulletins on 
100 and 150 Barrel Zinc Brighteners. To 
get these excellent results sooner, send in 
your trial order now—you'll be glad you 


did! 


1308 PARSONS COURT 


— — — Nationwide Stockpoints — — — 


R. 0. HULL & COMPANY, INC. 


ROCKY RIVER 16, OHIO 
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drogen removed from the steel. The 
rate of hydrogen absorption and the 
total time that the steel was in the 
furnace following the oxidation 
period appear to have determined 
the final hydrogen content of the 
steel at tap. The effect of the other 
variables introduced during the ex- 
periment appear to have been 
masked by the stronger influence of 
the moisture content of the air. 
A.GG. 


Forecast of Nuclear 
Power Development 


Digest of “The Latest Pros- 
pects for Economic Nuclear 
Power”, by W. Kenneth Davis 
and Louis H. Roddis, Jr. Paper 
presented at 5th Atomic Energy 
in Industry Conference, Na- 
tional Industrial Conference 
Board, New York, 1957, 17 p. 


HE AUTHORS have turned to 

prophecy of tomorrow’s nuclear 
power climate, and like most weather 
prognosticators, allow for possible 
portents of change before the news- 
paper announces them the next 
morning. 

In considering whether or not a 
proposed new plant should be nu- 
clear-fueled, a company is interested 
in the cost of the plant over its 
useful life, not just at the start. 
Thus, the decision might be to build 
a nuclear plant, even though it is 
not likely to be competitive at first, 
because nuclear fuel costs will de- 
crease over the next 30 years or 
more, while conventional fuel costs 
seem likely to slowly increase. 

A given utility company may be 
interested in authorizing design and 
construction of plant X. This plant 
will not actually start operation until 
three or four years later. Cost at 
time of beginning operation will be 
high because of special problems 
involved in start-up of nuclear re- 
actors. It would be expected that 
the cost would stabilize at a lower 
level after two or three years of 
operation. Presumably this stabi- 
lized cost would be predicted with 
a fair degree of assurance before the 
project was authorized. Following 
achievement of stabilized costs, 
there is likely to ensue a long-term 
slow decline in costs for plant X as a 
result. of lower nuclear fuel costs. 
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How to candle a horseshoe! 


If castings were like eggs a simple candle 
would solve all inspection problems. 


Getting inside things to “have a look 
around”’ is unfortunately a somewhat more 
critical process. 


And since life itself often depends upon 
the delicate layer of silver that reveals 
flaws, only an X-ray film having superb 
gradation and tonal separation can be 
depended on in routine as well as 
specialized work. 


And tonal separations are the very 
characteristic that makes Ansco X-ray 
films special. That’s because only Ansco 
X-ray films are critically coated to ie ray 
tolerances that provide unequalled quality 

and uniformity. Ansco X-ray films. . . 

for candling horseshoes! 


Ansco, a division of General Aniline & Film Corp., Binghamton, N.Y. 
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SPECIALIZED WELDED FABRICATIONS 


Tray weight cut 40%... 
Tray LIFE DOUBLED... 


when rugged 'SERPENTINES’’ 
serve this HOLCROFT Furnace 


This is just one more example of the remarkable cost-efficiency 
of Rolock “SERPENTINE” furnace trays...used here in a Holcroft, 
but standardized for all popular automatic furnaces with roller hearth. 


The operation is sintering of powdered metal parts at 2050° F. 
in controlled atmosphere. Previous trays were “barn roof” channel 
type of 35-15 alloy and weighed 34 Ibs. Life expectancy was less 
than a year, and sagging of the wire mesh supporting parts was 
always a problem. 


Rolock “Serpentines,” of which there are now 400 in the system 
on four furnaces, are of Inconel and weigh only 20 Ibs. Life has 
averaged one and one-half to two years. Mesh and parts remain 
adequately supported. 


Rolock engineers developed the unique “Serpentine” construction 
especially to meet such conditions as these. Again and again it has 
demonstrated exceptional economies. The design is standardized and 
trays are promptly available. Write us. 


SALES AND SERVICE REPRESENTATIVES FROM COAST TO COAST 


ROLOCK, INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


JOB-ENGINEERED for better work 


Easier Operation, Lower Cost 


Nuclear Forecast . . . 


This factor also might prove influen- 
tial in the decision to build the plant. 
These factors have been cited to 
counter the argument sometimes 
advanced that nuclear plants will 
not be built simply because they are 
not competitive with fossil-fueled 
plants at the time of conception. 
Plants which will go into service 
in the United States through the 
year 1959 belong to an experimental 
period during which there can be no 
hope of achieving costs competitive 


with conventional fuels. These 
costs may range from 20 to 50 mills 
per kw-hr. 


Plants built from 1960 to 1964 
will be what may be considered as 
the first generation of true industrial 
nuclear power plants. These will 
build on the technology and ex- 
perience accumulated in the design, 
construction and operation of the 
earlier plants and may be expected 
to achieve costs from 10 to 13 mills 
to per kw-hr., compared to 4% to 9 
mills for present day coal-fired 
plants. Capital costs would be ex- 
pected to range from $300 to $400 
per kw. of capacity, compared with 
$115 to $180 for coal-fired plants. 

Plants of a second generation 
would go into service between 1965 
and 1967. These should provide 
power for a cost of 9 to 11 mills, 
because of increase of plant size, 
more knowledge of safety needs, and 
less costly materials. 

Following these, estimated further 
cost reductions will take place, 
reaching 6 to 7 mills by 1980. This 
would make nuclear power com- 
petitive with conventional plants in 
all parts of the United States except 
a few locations with very low fuel 
costs. 

Based upon the preceding postu- 
lates and extrapolated estimates of 
cost, the amount of nuclear power 
is expected, as of the time of writing, 
to increase fairly rapidly after the 
end of 1959, at which stage there 
should be ten plants having an out- 
put of 130,000 kw. 

After the time interval required 
between planning and completion of 
second-generation _ plants, say by 
1967, a phase of very rapid ex- 
pansion is expected to ensue until 
1980, when about two-thirds of all 
capacity will be nuclear powered. 

Karu F, Smiru 
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The Buyers Guide 


For Metals Engineers 


GRIEVE-HENDRY 
WALK-IN OVENS 


Shipped Completely 
“Set Up” 


Previously 

ready to | 
operate. 


6 STANDARD MODELS 
No engineering charges 
Latest convenience features and safety de- 
vices included. Design changes to suit re- 


quirements Electric, gas or otf heated. 
Write for bulletin 


87 Standard Bench $110.50 
and Cabinet Models om up 


1389 W. Carroll 


PACIFIC FURNACES ARE ENGINEERED 
FROM THE INSIDE OUT 


The special wall holding anchor tiles 
developed and patented by Pacific have 
solved the problems of furnace wall fail- 
ures due to unequal expansion and con- 
traction of inner and outer wall surfaces. 
These wall holding anchor tiles save 
rebuilding time, costs and are GUARAN- 
TEED FOR FIVE YEARS. 


Pacific ENGINEERS... BUILDS, ... 
SERVICES all types of industrial heating 
equipment. 


facile INDUSTRIAL 


— FURNACE CO. 


24680 mda Road, Detroit 19, Michigan 
Phone: Kenwood 3-6900 


FOR COMPLETE 
INFORMATION 
ON OUR SERVICES 
— WRITE OR CALL 


GRIEVE-HENDRY CO., INC. 


CHICAGO 7, ILL. 
LIST NO. 27 ON INFO-COUPON PAGE 170 


LIST NO. 173 ON INFO-COUPON PAGE 170 


RE 
STANWOOD RETORTS and STACKING BASKETS 


SY Cor-Wal construction 
give you: 


Lighter weight—yet stronger 
Longer service life 
Sides are heat resistant corrugated rolled meta! 
Basket grid, grid supporting ring and top ring are 
of high temperature cas? alloy 
Proved in exhaustive tests on the job 
WRITE FOR DETAILS 


STANWOOD CORPORATION 


S017 W. Cortiend S$t., Chicege 239, iil. 


| E 


PRINCIPAL CITIES 
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Firing Rate: 50,000 B.T.U. Per Sq.Ft. 
Blower Air 117 


$$ 


1220 

0 

2/000 

Q 

want 

20 Ga. C.-A. Thermocouple 

+44 to Potentiometer 
+ 
wee 


400 
= 
+e 
20 Ga. C.-A. Control Ther- 
to Brown Elec- 
Strip Chart Instr. to 
VA-44 On-Off Gas 
4 Valve. Chart 
Speed 10 ft. per hour 


CORE----- SKIN 


THE A. F. HOLDEN COMPANY 


DETROIT 
LIST NO. 


162 


14341 Schaefer Highway 
MICHIGAN 
127 ON INFO-COUPON PAGE 170 
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HIGH-DENSITY SINTERED METAL PARTS 


carburized tensile strength to 200,000 asi. 


Supermet combines the economy of powder 
metallurgy 
carburization to give you solid steel parts at 
low cost. 
in electrolytic iron; 
steel parts. 
are currently pressing AGMA commercial class 
4 spur gears. 


1465 Cincinnati St. 


with the properties of controlled 


Seven ranges of properties available 
we also invite stainless 
As an indication of accuracy, we 


Send a part print for evaluation. 
Supermet Division 
GLOBE INDUSTRIES, INC. 


Dayton 8, Ohio 
free technical literature 


the QUENZINE STORY 


Low priced, more readily available carbon 
steels can often replace alloy steels when 
quenched in Beacon 
Quenching Oils with 
QUENZINE added 
For information on 
this new additive and 
Other Beacon Brand 
Heat Treating Com- 
pounds write to... 


ALDRIDGE 


SAVE SPACE WITH A 


SERIES 8055 


COMBINATION MODEL 


Two independent furnaces (hardening and 
drawing) in the same floor space one requires. 
Complete with independent controls. Harden- 
ing furnace available in both a 2000° and a 
2300° F. range. 

Drawing furnace has a maximum of 800° F.* 
Quench tank included with the exception of 
the largest standard model. 


Chamber Size Prices 
Model H. W. LL. 2000° F. 2300° F. 
8055 A 6" x 6” x12" $ 865.00 $ 975.00 
8055 B 1325.00 14£0 00 
8055 C 12”x12"x24" 1850.00 1950.00 
8055D 18" x 18" x 36" 2750.00 2875.00 


*Also available up te 1250° F. 


WRITE FOR FREE LITERATURE, SPECIFICA- 

TIONS and price list cf Lucifer Furnaces in 

wide range = loading and side load- 

ing neering advice without obliga- 
e, wire or phone today. 


LUCIFER 


FURNACES, INC. 


NESHAMINY 7, PA. 
Phone: Diamond 3-0411 
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INDUSTRIAL OILS, 


3401 


W. 140th &t., Cleveland 11, Ohie 
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there’s a 


/¢-QUARTZ 


IMMERSION 
HEATER 
for 


Your Every 
Heating Requirement 
@ INSTANT HEATING 

@ SHOCK-PROOF 


@ AVAILABLE IN ALL VOLTAGES 
—WATTAGES, 
ONE AND THREE PHASE 


Available from your 
Electroplating Distributor 


WRITE FOR BULLETIN > 


Gle-QUARTZ 


ELECTRIC HEATER CO., INC., Willoughby, Ohio 
*Reg. U.S. Pat. Off Phone: Willoughby 2-5521 
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WIRETEX custom built MUFFLES | paprs 
assure labor saving operating efficiency! | CLEANING*D 


Features: © High crown e Extra braces 


e Capacity for holding shape Double PROBLEMS 
MA 


secured weldments. e Strict adher- Get the answers RIGHT | 
ence to specifications *« Quick from RAMCO’S 


delivery « Low cost new BULLETIN! | 
WIRETEX designed MUFFLES offer 


> Send for your copy of 
exceptional opportunities to lower ; the Ramco Bulletin. 


costs. Built to take extremely high eo . . See how Ramco 2- and 
temperatures and strong atmospheric ALLOYS 3-dip degreasers can 


conditions. If you have a sintering \ ; solve your metal 
furnace problem or ore dissatisfied CAPACITIES 
with the results you are now getting, 

t icientiy, safety! 
let us help you. Write today! 


| 
Before You Buy Muffles. . . See WIRETEX 


Specialists in Processing Carriers Since 1932. 5 Mason St., » AMCO EQUIPMENT CORP. 


DIV. OF RANDALL MFG. CO., INC. 
809 Edgewater Rd., New York 39, N.Y. 


j 
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PRODUCED AND PRICED RIGHT 


RUST-LIC FOR YOUR ELECTRIC FURNACE NEEDS — armo-cans 
A 


44" 


ese 

= 

~s 


Eliminates RUST 


& 
Fire Hazards Automatic on all Models 
‘ Infinite zone tempera- 
Non-Flammable 


Zene temperature indl- 
cation by Pyrometer 
Non-Toxic : Selector Switch 
Automatic hold and cut- 
Send for Brochure: : ay off instrument available $1325.00 


The ABC of Rust-Lick y . Patented element holders Other Sizes ond 
for Rust Prevention hie tattaite variety of time wt Arrangements Available 


perature § 
tainable 
ODUCTION SPECIALTIES, INC. C0. 
755 BOYLSTON STREET Chester 77, Pa. 


BOSTON 16, MASS 


w 
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WARIED 


24x36x18 Lindberg 2000°F = Richards 84KW 450°F 
36x72x23 G.E. 72KW 2000°F 6’x12'x42” Lindberg Gas 1250°F 
48x84x24 American 1OOKW 1850°F = 5’x6’ Despatch Gas 850°F 
24x36x14 Surface Gas 1850°F 24%x36"x24”" Lindberg 45KW 1400°F 
54x96x24 Surface Gas 1850°F 66"x16'x76" Lindberg 18OKW 1250°F 
PIT TYPE PIT TYPE CARBURIZERS 

20x22 GE. 1200°F 14x18 L&N Vapo 1850°F 
28x28 Lindberg 1250°F 14xi8 L&EN Homo 30KW 1850°F 
48x72 Lindberg 1250°F 20x36 L&N Homo 72KW 1850°F 
48x96 Surface 1250°F 10x20 HeviDuty 14KW 1500°F 
48x96 Lee Wilson Rad. Tube 1850°F 25x48 (New) L&N Micro 1850°F 

CONVEYOR TYPE RECIRCULATING BRAZING TYPE 
72x40'x30 Surface RirHirth Gas 1250°F = 18x42x12 Lindberg Pshr 60KW 2500°F 
SIR PLUS FURNACES 27x15'xt2 R&S MshBit Gas 1250°F 28x 17’x12 G.E. RirHirth 320KW 2050°F 
REWARD 36x33’x12 Despatch MshBit Gas 875°F 62x18'x24 G.E. RirHirth 655KW 1650°F 


SEND FOR COMPLETE LIST 


WE PAY CASH FOR SURPLUS INDUSTRIAL FURNACES THE JOE MARTIN Cco., INC. 


AND RELATED APPARATES 19256 John R. St. TWinbrook 2-5500 Detroit 3, Mich. 
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METALS 

FOR 

INDUSTRIAL 
PLATING 


BRIGHT GOLD 
Mirror-bright finish in any thickness 
directly from the bath. Patented 


PUR-A-SALTS 


Restores contaminated cyanide plat- 
ing baths to full, trouble-free 
operation. Patented 


SILVREX BRIGHT SILVER 


Crystal-clear solution that produces 
mirror-bright deposits. Patented 


SILVER SOL-U-SALT 


Non-dusting — safest and easiest 
to use. 


BRIGHT RHODIUM 
Brilliant, fine-grained non-tarnishing 
deposits. 


RHODEX 


Only rhodium electroplating process 
that yields extra heavy compressively 
stressed deposits. Patent Pending 


ACID GOLD PLATING PROCESS 


Developed specifically for plating 
printed circuits. Mildly acid so that 
neither the laminate nor the adhesive 
at the inter-face of printed circuit 
boards are affected during the plat- 
ing process. 


Cc lation and servicing 


on all precious metals processes. 


SEL-REX 
CORPORATION 


Dept. BB, Nutley 10, New Jersey 
Offices: Detroit, Chicago, Los Angeles 
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64 


In our large, rapidly turning-over stock, we 
often acquire brand-new items, still in their 
original crates. We offer these at a fraction 
of their replacement cost, and with the same 
that the original manufacturer 
gives. One of our new furnaces is pictured 


below. 


“Iron Lung" 
Pusher 


Our stock is constantly changing! Before you 
buy any furnace or accessory, call us collect 
and let us show you how to save money! 
(Money-Back Guorantee). We pledge that 
any unit we advertise is in stock at one of our 
warehouses at the original time of publica- 
tion. However, they are subject to prior sale, 
so act now! 
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KENTRON 


Applies 1 to 10,000 gram 
Write for Bulletin 
Kent Cliff Laboratories Div. 
The Torsion Balance Company 


CLIFTON NEW JERSEY 
LIST NO. 53 ON INFO-COUPON PAGE 170 


Controlled Atmospheres 
Including chemical equilib- 
rium, prevention of oxida- 
tion, type of reaction, surface 
effects; extensive discussions 
covering costs. 17 eminent 
authorities participate in this 
important volume. 323 pages 
— 6x9 — red cloth — $4.00. 
Clip and send to ASM Infor- 
mation Service, 7301 Euclid 
Ave., Cleveland 3, Ohio. 


| SELLIFFE | 
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HEAT-TREATING 
BASKETS 


All shapes, sizes, alloys. 


THE c. Oo. 


JELLIFF ' 


MANUFACTURING CORP. | 
SOUTHPORT, CONNECTICUT 
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4 REAL SAVINGS 10 your, 
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© CLAMPS, JAWS & BASE PLATE ARE ELIMINATED 
® NO CONVERSIONS OR CALCULATIONS 

© TEST ANY SIZE, SHAPE OR TYPE METAL 

© NO SKILL REQUIRED 

© SCALE READINGS IN ROCKWELL & BRINELL 

© ACCURACY GUARANTEED 

Many thousands used by industry and government. 
Write, wire or call jor additional details and prices. 


NEWAGE INDUSTRIES, INC. 


222 York Road Jenkintown , 
TUrner 48494 Dept. MP 


CHROMIZING PROCESS 
COMBATS . 
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WEAR 


STEEL FABRICATED 
and RUBBER-LINED 


TANKS 
for the Plating Industry 


@ Plating tanks any size or shape fabricated 

and rubber-lined to your specifications. A 
complete service from basic 
design to installation, also fabri- 
cated and rubber-lined pipe 
and fittings. Write Dept. “MP” 
for complete details. 


Subsid. of Automotive Rubber Co. Inc 


ARco FABRICATORS *1NC. 


12542 BEECH ROAD * DETROIT 39, MICH 
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CORROSION 


CHROMALLIZING diffuses chromium into the 
surface of iron and steel parts, providing the cor- 
rosion resistance of stainless steel and the wear 
resistance of chromium carbides. CHROMALLOY 
Case cannot chip, peel or flake. 


Chromatloy Corporation is fully equipped for proc- 
essing large or small quantities of parts. Engineer- 
ing advisory service available. 


FREE! TECHNICAL BULLETINS 


CORPORATION 


451 Tarrytown Road,White Plains, N.Y. 
Telephone White Plains 6-0020 
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SLL 


COR PORATION 
Main Factories: 
65 Horvard Avenue, Stamford, Conn. 


Technic Gold 
is in orbit 


Certain component parts of 
“Explorer”, the first American satel- 
lite, required gold plating. Logical 
choice was Technic 24 karat IN- 
DUSTRIAL GOLD — the first and 
purest soluble 24 karat gold in the 
world. Or out of it! 


UNIQUE PROPERTIES 
SOLVE UNIQUE PROBLEMS 
Precious metals are finding extra- 

ordinary applications in industry 
and the laboratory. Electroplating 
offers an efficient method of explor- 
ing and exploiting such character- 
istics as the unique and diverse 
properties of gold — not found in 
combination in any other form. 


TECHNIC SERVICE 

If you have requirements for 
electroplated gold, other precious 
metals, or alloys — consult Technic. 
We equip you with controlled elec- 
troplating apparatus and/or solu- 
tions that eliminate variables, assure 
precise performance reproducible 
as often as required. Find out how 
Technic Service assures quality 
with economy. 


Phone, wire, TWX or write... 


TECHIE, INL. 
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with 


MAGNETIC ANALYSIS... 


MULTI-METHOD EQUIPMENT 


Electronic equipment for non-destructive 
Production inspection of steel bars, wire 
rod, and tubing. Detects mechanical faults 
and variations in composition and physical 
properties. Average inspection speed — 120 
ft. per minute. 


SPECIAL EQUIPMENT 


Electronic equipment for non-destructive 
production inspection of non-ferrous bars 
and tubing . . . as well as both non-magnetic 
stainiess and high temperature steel bars 
and tubing — seamless or welded. Mechanical 
faults, variations in composition and physi- 
cal properties are detected simultaneously. 
Average inspection speed — 200 ft. per 
minute. 


WIRE ROPE EQUIPMENT 


Electronic equipment for inspecting ferro- 
magnetic wire ropes from 1/32” to 3” 
diameter. Detects broken, cross-over or 
missing wires, plus defective welds and 
deformations at production speeds up to 
several hundred feet per minute. 


Pickling Tank Test 


in 3 minutes... 


WITH FERRO 
PICKLE PILLS! 


Any workman who can tell red 
from green and count to 
ten can test the exact strength 
of pickling solutions . . . the 
exact percentage of iron con- 
tent, and the solution percent- 
age of sulphuric acid, muriatic 
acid, alkali etc. in metal 
cleaning tanks. 


Ferro Pickle Pills provide a 
quick, accurate test to augment 
periodic titration testing, or as 
a “test within a test’. They can 
assure full-capacity cleaning 
with fewer rejects, save money 
by eliminating premature 
dumping of tanks. That’s why 
more and more companies are 
using them. Why don’t you try 
them? Write today for literature 
and prices, 


Reduce your assembly problems and costs. 
Our conti ly formed, with high 
degree of accuracy, from ferrous or non- 
ferrous metals. Write for Catalog No. 1053. 


ANG PLANT 
3761 OAKWOOD AVE. YOUNGSTOWN, 
LIST NO. 10! ON INFO-COUPON PAGE 170 


Need Help Designing That Aluminum Extrusion? 


TEAM UP AZ 
with JARL 


THERE'S A 
WORLD OF 
DIFFERENCE 


| 


The difference starts the moment you meet 
the Jarl salesman. He's an engineer .. . 
well qualified to make on-the-spot rec- 
ommendations in designs. Team up with 
Jari and you'll get the right shapes made 
to most exacting design specifications 
You'll be sure of close die control 

quality safeguards every step on-time 
deliveries. Send for our stock die catalog 


FERRO CORPORATION 
4133 East 56th Street 
Cleveland 5, Ohio 


or send rough sketches for assistance with 
your design 


ANODIZING 
JARL EXTRUSIONS, INC. 
Dept. MP, Linden Ave. » East Rochester, N. Y. 
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COMPARATORS AND METAL TESTERS 


Electronic instruments for production sorting 
of both ferrous and non-ferrous materials 
and parts for variation in composition, 
Structure and thickness of sheet and 
plating. 
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Thickness Testing from ¢ One Side 


DEMAGNETIZERS 


Electrical equipment for rapid and efficient 
demagnetizing of steel bars and tubing. 
When used with Magnetic Analysis Multi- 
Method Equipment, inspection and demag- 
netizing can be done in a single operation, 


Rapid, Accurate, Non-Destructive 
VIDIGAGE® AUDIGAGE® 


14” or 21” Cathode-Ray Screen with 
direct-reading scales between 0.005” 
and 2.5”; accuracy 0.1% to 1.0% 


Portable Thickness Testers for ranges 
from 0.020” to 4” or 0.060” to 12” 
of steel; accuracy up to 1.0%. 


MAGNETISM DETECTORS 


Inexpensive pocket meters for indicating 
residual magnetism in ferrous materials 


Detect Laminar Flaws and Lack of Bond 


INSTRUMENTS, INC. 
6 Brown House Rd., Stamford, Connecticut _ Since t 
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GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 


THE HOOVER COMPANY 
Die Castings Division 
North Canton, Ohio 

In Conada— Hamilton, Ontario 
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RODS dia. 


ALLOYS 


HITE METAL 
ROLLING « STAMPING corp. 


82 Moultrie Street Brooklyn 22, N.Y. 
Factories: Brooklyn, N.Y. e Warsow, Ind. 
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MAGNESIUM 


BARS, STRIPS on to mat, 


comprehen SOLID SHAPES .022” min. to 6:4” 
independent circle 
mill source TUBING |,” 0.D. to 6” 0.0. 

of magnesium HOLLOW SHAPES |,” to 6:,” circle 
ay... PLATE & SHEET .092” to 3” thick 


END 
POT 
FAILURE 


Switch to scheduled pot maintenance with 
low-cost pressed-steel pots for lead, salt, 
cyanide, oil-tempering, metal-melting. 
Can't turn suddenly defective, because 
no faulty stcel survives drawing. Request 
catalog from Eclipse Fuel Enginecring 
Co., 1127 Buchanan St., Rockford, Ill. 


> INDUSTRIAL 

: COMBUSTION 
DIVISION 
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ROUND, SQUARE, FLAT AND 
HALF-ROUND WIRE FOR MASS 
PRODUCTION OF SMALL PARTS 
Beryllium Copper @ Bronzes 
Other Non-ferrous Alloys 
Rounded or square edges. 
Available with hot-tinned 
finish for solderability. 
Write for descriptive folder. 


UTTLE FALLS, ALLOYS 


193 Caldwell Ave., Paterson 1, N. J. 
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How Rol! Coater 


meTAL SAVED 

ano 
UALITY 

on 


4 


PROBLEM: 


Stcllo Products Company, Logansport, In- 
diana, manufacturer of tags, license and 
“booster” plates, had the problem of ex- 
cessive direct labor charges. In the previous 
expensive method of making these items, 
plates had to be stamped from bare metal 
—and then cleaned  individually—and 
spray painted on both sides. This method 
did not give the uniform quality de- 
manded—and Stello turned to Roll Coater 
for a solution 


SOLUTION: 


Roll-coated metal was tested by Stello 
Products Company. Pre-painted and baked 
on both sides, this metal climinated en- 
tirely the cleaning and spray painting op- 
erations —withstood rigorous stamping 
tests—and relieved painting facilities for 
other jobs. Says J. C. Cotner, president of 
Stello Products Company, “Roll Coater 
metal is now saving us approximately 50% 
in direct labor costs—and is giving us the 
desired uniform quality in our plate pro- 
duction. It really solves our problem.” 


SEND FOR FREE BROCHURE and 
SAMPLE TODAY! 
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NON-DESTRUCTIVE 
COATING THICKNESS TESTER 


FAST... ACCURATE 
NON-DESTRUCTIVE 
DIRECT-READING 


© Instantly measures the thickness 
of metallic and non-metallic coat- 
ings and films 

© Based on eddy-current principles 

© Enables measurements on small or 
otherwise inaccessible areas 


This portable instrument for both lob- 
oratory and production use, gives fast, 
occurcte and direct readings of virtu- 
ally any cooting on any base, including: 


® Metal coatings (such as plating) on 
metal base (magnetic and non- 
magnetic) 


® Non-metallic coatings (such as 


paint, anodizing, hard-coat,ceramic) 
on metal base 

® Metal films (such as vacuum met- 
alizing) on non-metallic base (pias- 
tics, ceramics) 


NEW RIGHT-ANGLE 

PROBE model “RP” en- 

ables measurements in holes 
down to V2” 1.D. 


STANDARD PROBE model “SP” 
enables measurements on con- 
vex surfaces down to Ve” r 
dius of curvature and on 
concave surfaces down to 

2” radius of curvature 


MODIFIED STANDARD 
PROBE model “MP” enabies 
measurements on concave 
surfaces down to 4” radius of 
curvature 


Each of the above probe types is 
available in 4 different thickness 
ranges—A, B, C and D, from thick to 
thin deposits. 


Write for latest bulletins and ques- 
tionnaire to help solve your thickness 


testing problems 
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the GENUINE 
BRINELL 


HARDNESS TESTING MACHINES 
made by the Alpha Co. of 
Sweden and available from 
our stock at New Rochelle 


Never in 
ACCURACY ND 
CONSTANCY of 
bration . . . at the 
standard 3000kg test 
load .. . maximum 
error plus or minus 
2/2 kg 


Write for Bulletin 
No. A-18 


GRIES INDUSTRIES, INC. 
Testing Machines Division 
NEW.ROCHELLE 3,N.Y 
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WRITE, WIRE or PHONE © 
FOR YOUR CATALOG 


screws ha 


Srar sranyess screw co. 
OC 647 UnionBivd., Paterson2,N. J. 
=—s Telephone: CLifford 6-2300 
Direct N.Y. ‘phone Wisconsin 7-904! 
RESISTANT Direct Phila. ‘phone WAlInut 5-3660 
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WRITE FOR 


GRAPHITE 


INFORMATION 


CUSTOM MACHINED PARTS FOR 
SEMICONDUCTOR . PROCESSING 
Your custom requirements are ovailable 

+ motchlessly machined . . . high purity 
graphite for all phases of semiconductor 
processing: reduction and refining boots— 
crystal-pulling heaters and devices—fusion 
jigs and components. 


PRODUCTS FOR SPECIAL 
METALLURGICAL APPLICATIONS 
Complete range of stock sizes in rods, 
blocks and tubing available. Also, your 
custom requirements of specially machined 
articles can be promptly produced. 


PREFORMED SHAPES FOR 
VACUUM FUSION ANALYSIS 
Matched crucible and funnel combinations 


. « powder and chips . . . all available 
from stock for immediate shipment. 


SPECTROGRAPHIC ELECTRODES 


Recognized as the standard of the world, 
United's rods, powders and wide range 
of preformed electrodes ore available 
in the right sizes and designs for your 
spectrogrophic work. 


Write Divect To: 


‘UNITED 
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ARE you 
— A MAN WITH 
THEORY... 


. that an aluminum extrusion is the 
practical ;pproach to a functional metal 
parts application . . . at a savings in time 
and money, and without loss in quality? In 
fact, the properties — you theorized — of 
extruded aluminum would even be better? 
If so, G.E.I.'s engineers are ready to consult 
with you — without obligation, on one part 
or a million — to determine how practical 
your idea is. G.E.I. engineers specialize in 
adapting extruded aluminum to new func- 
tional roles. 


LAKE PARK RD., YOUNGSTOWN, OHIO. STerling &- 
souri, S. Illinois Representative: Frank 
i» 4378 Lindell Bivd., St. Lowis 8, Mo. 
higan Representative: Howard 8B. jo 

2 Kentfield Ave., Detroit 23, Mich. 
therm Distributor: General Extrusions 


A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


Special Feature 

— Nickel content 

held to 35% min- 
imum — 36% 


maximum 


STAINLESS STEEL PART for milk 
bottling unit formerly machined 
from solid stock. 
Only finish oper- 
ations required 
are reaming small 
dia. of counter- 
bored hole and 
drilling and tap- 
ping for set screw. 
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Integrate your marking operations by utilizing present 
equipment and incorporating a Matthews’ Marking 


Device! 


Matthews will machine and engrave a die 


or type to suit your product. Our complete line of 


Type and Die Holders, too, are easily designed to 


fit existing press equipment. Write or call today 


Matthews also fea- 
ture a complete line of 
General and Special 
Purpose Machines. 
Send Bulletin 
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for additional information. 


JAS. H. MATTHEWS & CO. | 
Over 100 Years of Service to Industry © 
GPF-200 3968 Forbes St. - 


Pittsburgh 13, Pa. 
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HAWKRIDGE METALS 
CORPORATION 


Producers and Sellers of 


TITANIUM 
POWDER 


—-40 to +300 mesh 
High Purity 99.2% Pi 
Commercial 98.6% Pi 


North Hampton 
New Hampshire 
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HARDNESS TESTING 
SHORE SCLEROSCOPE 


Pioneer American 
Standard Since 
1907 


Available in Model C-2 
(illustrated), or Model 
D dial indicating with 
equivalent Brinell & 
Rockwell C Hardness 
Numbers. May be used 
freehand or mounted on 
bench clamp. 


OVER 40,000 
IN USE 


SHORE INSTRUMENT & MFG. CO., INC. 
90-35M Van Wyck Exp., Jomaica 35, N.Y. 


LIST NO. 133 ON INFO-COUPON PAGE 170 
All CO AIR WASH 
SYSTEMS 


PLATING PICKLING METAL 
creanine FUME SCRUBBING 


Reasonable 
— initial cost... 
economical in 
operation... 
no moving parts 
| ... efficient in 
performance... 
compact—re- 
quires little 


space... stand- 

ard units—7200 to 57600 

s C.F.M. Write Dept. “MP” for 
complete information. 


AUTOMOTIVE 
RUBBER CO. + INC. 
12550 BEECH ROAD * DETROIT 39, MICH 
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DICE 
does it better! 


THE CYCLOGRAPH, (Model C) 


...for unscrambling 
metal mixups 


This instrument permits truly 
high speed, non-destructive 
sorting of raw, semi-finished or 
finished parts by their metallur- 
gical characteristics. With the 
new Automatic Sorter Unit, 
speeds up to 300 pieces per 
minute are possible with the use 
of suitable feeding equipment. 
Used by leading industrial firms 
everywhere. 


J. W. DICE CO. 


“Non-destructive Testing and Measuring Instruments” 
Englewood 3 New Jersey 


in Canada: Non-Destructive Testing Corp., Ltd.. Torento 


LIST NO. SC ON INFO-COUPON PAGE 170 


A CABLE SPLICED 
iN 10 SECONDS! 


ERICO PRODUCTS, INC. 
Complete Arc Welding Accessories 
2070 E. Gist Place, Cleveland 3, Ohio 
Write for Caddy Catalog 
LIST NO. 71 ON INFO-COUPON PAGE 170 


Automatic Weld 
All Analyses 


Ask the Man Who KNOWS Stainless Welding .. 


* Coated, Straightened 
Cut © Coiled and Spooled 


. His years of experience and leadership 


Call Mr. Electrode. . 


in providing the correct— 
Stainless and Heat Resistant Arc Welding Electrodes 


—place a trusted guarantee back of your welding operations. 


North Rar 
e 2-6100 


30 Miles Avenue 


MAURATH, INC. 
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| 
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‘ 
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HARDNESS. 

TESTER 

It combines 
Rock- 


B and 
Brinell and 
Vickers in 


button 


Request 
Catalog 505 


OPTO-METRIC TOOLS, INC. 


137mP VARICK STREET, NEW YORK 13 


LIST NO. 162 ON INFO-COUPON BELOW 


Tensile and fatigue test specimens can be 
accurately machined from foil metals as light 
as .0005” or heavy .500” plate in less than two 
minutes. Machined edges are completely free 
of cold working and the specimen configura- 
tions are duplicated within + .0005” 

TensilkuT machines a wide range of metals 
including steel, aluminium, stainless steel, 
copper, titanium, uranium, lead, the super 
alloys and al! plastic materials 

Tensilkut table and floor models are avail- 
able with motors from % to 2% HP. Write for 
our latest brochure 


Trade Mark Registered U.S. Patent Office 
Patents Pending *'~ited States & Canada. 


SIEBURG 


LIST NO. 13} ON INFO-COUPON BELOW 


LIST NO. 92 ON INFO-COUPON BELOW 


STANDARD 
REFERENCE 


For Superior ‘Matel 


Send for your 
free copy of 


“ONE SOURCE” ni awd 


ICAL COMPANY INC. 
Canton, Connecticut 


FAST NATION-WIDE SERVICE 
.»- YOUR STEEL OR OURS 


Complete Source For Forged Products Up To 4000 


Rings, discs, spindles, bors or special shapes to your 


specifications. 


28 Years Of Specialized Experience 


In production of high speed tool and alloy steel 


flat die forgings. 


Ample Stocks Of Steel Always On Hand 


Expert High Speed Steel Blacksmiths 


Coll or write for free cost quotation on your 


forging requirements 


(1209 MARQUETTE ROAD » HENDERSON 1-0320. CLEVELAND, OHIO 
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Temperature Measurement 


Industrial temperature 
measurement with thermo- 
couple pyrometers, with total 
radiation and optical py- 
rometers, with resistance ther- 
mometers and filled  sys- 
tems thermometers. W. E. 
Belcher, Jr., D. Robertson, 
W. F. Hickes—64 pages— 
6x9 — illustrated — paper 
cover—$1.00. Clip and send 
to Technical and Engineer- 
ing Book Information Serv- 
ice, 7301 Euclid Avenue, 
Cleveland 3, Ohio. 


READERS’ INFO-COUPON SERVICE, METAL PROGRESS 


7301 Euclid Avenue, Cleveland 3, Ohio 


Please send further information, as checked at the right, on the advertisements in the 
Bulletin Board with numbers | have listed below— 


(Bulletin Board Item Number) 


(Please check) 


Send Catalog 
or Engineer- 
ing Data 


Metal Progress is now 


in its fifth year as 
one of our clients 


The Eastman Editorial Research Service is a 
critical and advisory service to publishers 
for the sole purpose of developing and main- 
taining better readership. 


Exclusive to one publication in a field. 
Use of the Eastman service by Metal Progress 


is an implied guarantee to its readers of 
continuing editorial progress. 


The Eastman Research Organization 
500 Sth Avenue @ New York 36, N. Y. 
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dag 


BRAND 
DISPERSIONS 


MOLY -SULFIDE, 


AL GRAPHITE, 
OTHER SOLIDS 


VERMICULITE, AND 


COLLOIDAL GRAPHITE PROVES 


IDEAL AS FORGING 


Lubricants to be suitable for use 
on forging dies for steel and non- 
ferrous metals must be stable un- 
der the high temperatures and 
pressures involved. Besides pro- 
viding the most effective lubrica- 
tion for hot-work dies, ‘dag’ brand 
dispersions act as coolants. Total 
advantages gained by using 
Acheson colloidal graphite, as de- 
scribed in the following applica- 
tions are: improved quality of 
the forging, reduced die wear, 
lower production costs, and im- 
proved working conditions. 


Operator spraying colloidal graphite on both top 
and bottom die halves before forging jet engine 
blades at Utica Drop Forge and Tool Division. 
Kelsey-Hayes Company. 


Concentrated Acheson colloidal graphite 
being applied to die surfaces before they 
ore put in service. 


Pre-treatment and operational use of 
‘Aquadag' greatly increases die life. 
Before putting dies into service, a 
prominent midwestern manufacturer 
finds that by preheating them to about 
250° F. and brushing on a dispersion of 
colloidal graphite in water, they have 
generally doubled the working life of 
their dies. When used as an operational 
lubricant, die wear on a truck body 
brace die was proved by actual meas- 
urements to be only one-third the former 
rate. And this was with ‘Aquadag’ 
diluted 1 to 240 in water! .. . Ample 
proof of the wide coverage, film tough- 


ness, lubricity, and basic economy of a Qffices in: Boston © Chica 


“dag” brand dispersion. 
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Colloidal graphite is resistant to heat, 
does not react with the die. steel, and 
the extremely small particle size permits 
an actual adsorption to the metal sur- 
face. A water carrier eliminates the 
usual smoke and fumes thus affording 
better working conditions and keeping 
die temperatures down. After the car- 
rier evaporates, a dry graphite film re- 
mains which, besides being an efficient 
lubricant, protects the die from the ac- 
cumulation of abrasive dust and scale. 
Die life is extended from 8 to 14 days 
and production increased by the reduc- 
tion in downtime. 

Specially compounded, ready-to-use 
forging lubricants containing ‘dag’ col- 
loidal graphite are available from indus- 
trial lubricant suppliers. If you have a 
forging lubrication problem, it may pay 
you to call in your Acheson Service 
Engineer. 


ACHESON Company 


PORT HURON, MICHIGAN f 


LUBRICANT 


‘dag’ dispersion improves qual- 
ity, cuts costs for Utica Drop Forge 
and Tool Division. With a large share 
of their capacity being devoted to the 
forging of jet engine blades, Utica finds 
it must maintain high production, con- 
sistently high quality, and a competitive 
price. Blade-forging dies have a com- 
paratively short life due to rapid wear 
caused by the thinness of the blades, 
the high pressures required to form the 
heat-resistant alloys used, and the closer 
tolerances required. They have found 
that every one of these requirements 
can be met by using ‘dag’ colloidal 
graphite dispersed in water as their 


forging lubricant. First, it must with- 
stand temperatures which range from 
1950-2200° F. Sprayed on both halves 
of the die it forms a tightly adhering, 
smooth, microscopically-thin film that 
aids metal flow and substantially pro- 
tects the die itself. In many cases, this 
has meant fewer finishing operations 
and therefore higher production, due to 
the improved quality of the blades. A 
compressor blade formerly required four 
blows from upset to finish, with an in- 
termediate heat and tumbling operation. 
Now, this operation is done in only two 
blows from original heat. The savings 
. . . $16,000 a year on this part alone! 
Add increased life of these precision 
dies and you can appreciate what a 
‘dag’ colloidal graphite dispersion 
means to efficient forging. Utica finds 
water-based dispersions best for press 
forging, and colloidal graphite in oil 
the best lubricant for hammers. 


Write for additional information con- 
tained in Acheson Bulletin No. 426. 
Address Dept. MP-68. 


A division of Acheson industries, inc. 


Also Acheson Industries (Europe) Ltd. and affiliates, London, England 


e Cleveland ¢ Dayton © Detroit © Los Angeles © Milwaukee 


New York © Philadelphia © Pittsburgh © Rochester © St. Louis © Toronto 
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Welding Show ... 


(Continued from p. 113) 

Brazing — Papers presented at 
the St. Louis meeting included a 
study of the bonding of cer- 
mets to metals, an evaluation of pro- 
cedures for testing shear strength 
of brazed joints, and a general study 
of brazing metallurgy. 

In “Bonding of Cermet Valve 
Components to Metals”, G. M. 
Slaughter, P. Patriarca, and W. D. 
Manly (all of Oak Ridge National 
Laboratory) described the cermets 
containing varying amounts of titan- 
ium carbide, tungsten carbide, and 
minor additions of complex carbides 


containing columbium and tantalum, 
which they successfully joined to 
Inconel to form high-temperature 
fluid control valves. Brazing this 
specialized component is complicated 
because many cemented carbides are 
difficult to wet. In addition, these 
materials can easily create sufficient 
stresses during cooling to result in 
fracture since they have wide differ- 
ences in coefficients of thermal ex- 
pansion. Wetting was accomplished 
by using a brazing alloy of nickel- 
silicon-boron-iron, or nickel-chro- 
mium-silicon-boron-iron, or palla- 
dium-nickel. The authors lessened 
the effect of stresses resulting from 
differential thermal expansion by 
using nickel as a sandwich cushion 


Our years of experience as spe- 
cialists in Electric Salt Bath 
Heat Treating Equipment can 
contribute to a Positive and 
Profitable solution. 


EVERY JOB CUSTOM 
BUILT AND SERVICED 
TO YOUR SATISFACTION! 


ELECTRIC FURNACE COMPANY 


iq CANEFC 
ELECTRIC RESIST 


between the cermet and the Inconel. 

In the paper, “Proposed Procedure 
for Testing Shear Strength of Brazed 
Joints”, F. M. Miller and R. L. 
Peaslee (Wall Colmonoy Corp.) not 
only propose a new testing procedure 
(which is sure to stir up a lot of 
comment in the industry), but they 
also speak up about the need for a 
standard specimen and procedure 
for testing brazed joints. They rec- 
ommend the adoption of a test bar 
having a short overlap “to minimize 
the effect of stress concentrations, 
and to cause failure in the joint, 
rather than the base metal.” 

Although the paper by Nicholas 
Bredzs and Harry Schwartzbart 
(Armour Research Foundation) is not 
quite as broad in its coverage as its 
title, “Metallurgy of Bonding in 
Brazed Joints — Part I”, implies, it is, 
nevertheless, a timely study. It de- 
scribes several mechanisms that 
occur in joining steel using copper 
and silver-base brazing alloys. The 
authors discuss the metallurgical in- 
teractions between base metal and 
filler metal, particularly the dis- 
solving of base metal in molten filler 
metal, and the structure of the solidi- 
fied filler metal. They found that 
filler metal will dissolve up to 4.7% 
iron which may precipitate, in the 
form of dendrites, at the base-metal, 
filler-metal interface or within the 
filler-metal layer. By using mild 
steel and high-carbon steel (1.0%C), 
they established that the carbon con- 
tent of steel base metal checks the 
precipitation of iron dendrites — the 
higher the carbon the greater the 
number of precipitated iron den- 
drites. They hypothesized that the 
saturation of the filler metal with 
base metal and subsequent precipita- 
tion out of supersaturation may be 
a universal phenomenon in brazing. 

Atomic Age — Papers dealing with 
nuclear energy included two some- 
what specialized developments. The 
first, recently declassified by the 
A.E.C., dealt with automatic sub- 
merged-are welding of uranium; the 
second dealt with the use of radio- 
isotopes in welding wire for nonde- 
structive testing. 

Welding of uranium by various 
methods has been under investiga- 
tion for a number of years. In most 
of the earlier work an inert-gas, 
shielded-arc method was _ used. 
However, in joining heavy metal 
sections, this method was not satis- 
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Quenching... 
hardness... 
and 
how to 
save money 


Spotty hardness can be a costly problem. The 
solution is a quenching oil that permits maximum 
uniformity of hardness. Sinclair QUENCHOL 521 is 
unexcelled in this respect. It has a reputation, too, 
for increasing the depth and the degree of hardness. 
When you try it, you'll find QUENCHOL 52! 
surprisingly superior on all classes of steels. 

Refill now. Next time management asks how you've 
cut costs, tell them you’ve switched to Sinclair— 

and show them the results. 


Find out more about QUENCHOL. Call 

your nearest Sinclair Representative or 

write Sinclair Refining Company, : 
Technical Service Division, 

600 Fifth Avenue, New York 20, N. Y. 

There’s no obligation. 


QUENCHOL Quenching Oils 
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A 4-SCREW 1,000,000 LB. HYDRAULIC 
Universal Testing Machine 

@ Exclusive 4-screw design assures maximum stabil- 

ity under load. 

@ Electric lift plus push button, air operated grips for 

simple specimen insertion and removal. 

18-foot clearance for tension or compression. 

63-inch clearance between screws. 

Rugged hydraulic loading system. 

Selecdrange load indicator with 4 ranges. 


Available, as shown, with automatic controls for 
tension, compression and cyclic testing. 


Only Tinius Olsen offers a hydraulic four screw high capacity 
testing machine—unmatched for ease of operation, stability 
and dependability. Evaluate your high capacity testing require- 
ments in terms of the Olsen Super ‘‘L”’. 

Write today for information. 


Incidentally, the world’s largest testing machine is a 10 million 
lb. compression unit built by Olsen in 1912 and still used by 
the Bureau of Standards. 


TINIUS OLSEN 


TESTING MACHINE COMPANY 
2030 EASTON ROAD © WILLOW GROVE, PA, 


Testing and Balancing Machines 
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Welding Show .. . 


factory because of the formation of 
a contaminant oxide in the weld 
metal. In “Submerged-Arc Welding 
of Uranium”, Gail Hanks, J. M. Taub 
and E. L. Brundige (University of 
California) discuss the process in 
detail. By submerging the molten 
uranium metal beneath a layer of 
flux, the inert-gas shield was elimi- 
nated in the process. 

In all submerged-are welding, 
choice of flux is important since the 
flux refines the molten metal, stabi- 
lizes the arc, and has to overcome 
the pyrophoric nature of the metal. 
By trial and error the commercial 
fluxes were eliminated from the pic- 
ture. A composition of 75% fluor- 
spar and 25% cryolite was found to 
approach the eutectic composition. 
The flux was prepared by a “fritting” 
procedure borrowed from the ce- 
ramic industry. High-purity ma- 
terials were mixed, melted, held at 
temperature to remove volatile im- 
purities, and then poured into water. 
The resultant frit was dried and 
screened. 

The 3/16-in. uranium wire elec- 
trode was coated with electro- 
deposited silver. The %4-in. uranium 
plates had 30° beveled butting edges. 
A grooved graphite backup bar was 
flushed with helium, and the beveled 
surfaces were electropolished prior 
to welding. Welding was done with 
500-amp. d-c. straight polarity and 
28 to 30 v. Speed of travel was 
about 140 in. per min. The setup is 
shown in Fig. 3. Weld deposits 
showed tensile strengths nearly 65% 
greater, and yield strengths 95% 
greater than those of the as-cast 
uranium metal. 

Paul Barnes (U.S. Naval Ordnance 
Test Station) and Gordon Locher 
(Western Radiation Lab.), in their 
paper “A Study of the Use of Radio- 
isotopes in Welding Wire and 
Brazing Materials as a Means of 
Nondestructive Joint Inspection”, 
suggested radioactive welding wire 
for automatic welding applications 
as a check on the uniformity and 
penetration of the deposit. The 
metals used in the experiment were 
alloys of aluminum, iron, and silver. 

The Welding Show — Automatic 
machinery is playing an increasingly 
important part in production-line 
welding. Many manufacturers no 
longer think of themselves purely as 
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Industrial GAS TURBINE Housings! 


The gas turbine housing illustrated here is one of many produced 
and machined by the Mahon Company. Steel-Weld Fabrication of 
special alloy steel components for use in precision manufacture 
of gas turbines requires craftsmanship and control know-how. 

When you consider the use of welded steel components in the 
design of processing machinery, machine tools or other types of 
heavy mechanical equipment, you, too, will want to discuss your 
requirements with Mahon engineers; because, in the Mahon organi- 
zation you will find a unique source for weldments or welded 
steel in any form... a fully responsible source with a long 
and enviable performance record, and unusual facilities for 
design engineering, fabricating, machining and assembling. 

See Sweet's Product Design File for information, or have a 
Mahon sales engineer call at your convenience. 


THER. C. MAHON COMPANY Detroit 34, Michigan 
SALES-ENGINEERING OFFICES in DETROIT, NEW YORK and CHICAGO 
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Welding Show .. . 


makers of positioners and manipu- 
lators, since they now turn out com- 
pletely integrated automatic welding 
units. In this category a star at- 
traction of the show was a contour 
welding device developed by the 
Lewis Welding and Engineering 
Corp. An automatic seam-following 
unit senses out and follows the weld 
seam accurately whether it is 
straight, curved or angular. The 
unit and welding head are mounted 
on a ram-type manipulator. Minute 
differences in the welding voltage 
potential are picked up, amplified 
and used to control the electrome- 


chanical directional drive mechan- 
ism. Potential differences and drive 
mechanism are coupled in a manner 
to cause the arc to continually seek 
the center line of the weld joint as 
the welding head progresses along 
the seam. 

Semiautomatic Welding — Auto- 
mation is also making its mark in 
manual welding. No longer is it nec- 
essary to use a hot, spatter-covered 
electrode holder and constantly 
change electrodes; now it is practical 
to use a gun-type holder (Fig. 2), 
cool to the touch, carrying its supply 
of electrode wire in a spool container. 

Your reporter decided to change 
hats — or in this instance helmets — 


_we wouldn't 
you! 


to make. 


This blade could have been packaged and shipped as 
a genuine MARVEL High-Speed-Edge Blade . . . and it 
might have performed to a customer's satisfaction. Instead, 
it was rejected and will be scrapped because inspection 
revealed a minute imperfection. 

There’s nothing unusual about this. Certainly, other 
hack saw blade manufacturers inspect their products, and 
undoubtedly reject blades for one reason or other, because 
"* they are trying to market the best blades they know how 


Here’s 


‘Hack Saw Blade 


And that’s the point—here at MARVEL, where the 


composite blade was invented and perfected over 30 
years ago, we believe we know more about making high- 
speed-edge hack saw blades than any other maker. We’ ve 
been at it longer, and the unequalled performance of 
MARVEL Blades on every kind of material is evidence 
that we're right. 

Use MARVEL Blades on your power hack saws with 
perfect confidence that they have no equal. You can get 
MARVEL Blades at your nearby Industrial Distributor. 


ARMSTRONG-BLUM MFG. CO. 


5700 W. BLOOMINGDALE AVE. - CHICAGO 39 
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to try out this development in semi- 
automatic welding equipment and 
evaluate it as to (a) the practicality 
of the controls, and (b) the degree of 
skill needed to operate the unit. 
Controls are simple and foolproof. 
The weld is started by a squeeze of 
the trigger (energizing the inert gas 
and current). The arc is ignited by 
striking the tip of the electrode on 
the surface of the base metal in the 
same way that one strikes a match. 
In using manual electrodes the oper- 
ator has to compensate for electrode 
melt-off and maintain constant arc 
length; however, the semiautomatic 
gun compensates automatically. 

The first downhand weld, using a 
National Cylinder Gas “Dual Shield” 
unit, resulted in considerable poros- 
ity, simply because the gun, not held 
at the correct angle or distance, pre- 
vented much of the shielding gas 
(CO,) from playing over the weld 
puddle. The second run produced 
a solid, automatic-appearing weld. 
Spatter is much lower than with 
manual electrodes. 

Flux-Cored Electrodes — The 
above unit employs a flux-cored elec- 
trode. Granulated flux is contained 
within the steel electrode casing, so 
that the amount of flux fed to the 
molten pool is accurately controlled. 

Several other flux-cored electrodes 
were demonstrated at the show, in- 
cluding the Arcos Corp. electrode 
for CO, semiautomatic and auto- 
matic welding of chromium-molyb- 
denum and low-alloy steels. The 
Stoody Co. also demonstrated a 
tubular wire electrode for semi- 
automatic hard facing. 

Magnetic Flux Process — The 
Linde “Unionarc” process (Fig. 1) is 
another innovation on a granular flux 
welding theme. It has two advan- 
tages over the submerged method, 
in some applications: First, it is not 
affected by gravity and will therefore 
deposit weld beads out-of-position 
(your reporter made a fairly accept- 
able vertical-up weld using a Union- 
are unit). Second, the arc is con- 
stantly visible. 

The are works in this manner: 
The wire electrode is continuously 
fed out of the welding gun coated 
with a granular flux and shielded in 
a CO, gas atmosphere. At the torch 
nozzle, the magnetic field surround- 
ing the energized welding wire mag- 
netizes and attracts the flux to the 
wire. As a result, the wire is 
“coated’ as it approaches the arc. 
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FOR ACCURACY! 


Chromel-Alumel thermocouple alloys are 
unconditionally guaranteed to register 
true temperature—e.m.f. values within 
close specified limits . . . +4°F. from 
0° to 530°F.; +%% at operating 
temperatures from 531° to 2300°F. 


So ask for them by name... 


THERMOCOUPLE “ALLOYS 


FOR DURABILITY! 


They're highly resistant to oxidation, 
extremely sensitive to temperature 
variations. And they maintain their fine 
accuracy over a wider range of tem- 
perotures for far longer periods of 
time than any other base metal material. 


FOR ECONOMY! 


Despite their finer accuracy, higher 
temperature range, and longer useful 
life, Chromel-Alumel thermocouple wire 
costs the user no more than ordinary 
base metal materials... and in many 
cases, they actually cost less! 


Ask for them by name! Your instrument manufacturer or pyrometer service company 
can supply your immediate requirements for plain or insulated wire and assembled couples. 
“Chromel-Alumel” thermocouples . . . 


trade names you can trust! 


Chromel-Alumel thermocouple alloys are produced exclusively by 
HOSKINS MANUFACTURING COMPANY 


4445 LAWTON AVENUE e DETROIT 8. MICHIGAN 
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RANGE CONTROL 


SWITCH 


TYPE B 011720 
AMPS 


A Product of 
Westinghouse 
Electric Corp., 
Electric 
Appliance 
Service Div., 
Mansfield, Ohio 


No more big “jumps” in electric range surface cooking heats. This 
Westinghouse Range Control Switch provides an infinite number of 
heats for all surface burners and is incorporated in the entire 1958 
line of ranges. As many as four are used to control the average watt- 
age delivered to each heater. This well-engineered and precision- 
manufactured product uses three thermostatic bimetal elements: the 
main operating element to open and close contacts; the differential 
element to introduce some temperature differential and thereby pre- 
vent contact fluttering; and the compensator element to give identical 
per cent inputs at all ambient temperatures. 


We at Chace accept the heavy responsibility placed upon us by 
appliance manufacturers such as Westinghouse. For it is our duty— 
and our privilege—to provide dependable thermostatic bimetal for 
the countless actuating devices in the millions of appliances which 
help to make our lives safe, comfortable and worry-free. Thus these 
marvelous products can go to the far corners of the globe—and the 
automatic features actuated by Chace Thermostatic Bimetal will 
operate year after year with efficiency and a minimum of attention. 
In more than a third of a century as exclusive manufacturers of 

‘ bimetal, we have learned that only a truly precision product can give 
completely reliable service. 


So remember Chace when you design for protection of valuable 
equipment or for temperature actuation or indication. Dependable 
Chace Thermostatic Bimetal is available in over 30 types, in strip, 
coil or completely fabricated and assembled elements to your design. 
Write today for new 1958 booklet, “Successful Applications of Chace 
Thermostatic Bimetal”, containing many pages of design data. 


 W. M. CHACE CO. 
Bimetal 


1626 BEARD AVE., DETROIT 9, MICH. 
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Similar hand-held welding units 
designed by Westinghouse Electric 
Corp. and Air Reduction Sales Co. 
were operated by the writer. These 
units were essentially alike, each 
having a pistol grip, trigger action, 
and self-contained spool of wire. 
Each weighed some 4 Ib. loaded (1- 
lb. spool of aluminum wire). They 
have a comfortable grip and good 
balance and appear to be ideal for 
numerous short-length welds. Ac- 
cording to the manufacturers, these 
units will weld metals such as steel, 
bronze, aluminum, and magnesium. 


Embrittlement in Welded 
Heat Resisting Steels 


Digest of “The Problem of 
Embrittlement in the Welding 
of Austenitic Heat-Resisting 
Steels”, by Henry F. Tremlett, 
British Welding Journal, Vol. 4, 
June 1957, p. 283-287. 


HE EFFECTS Of silicon and carbon 

on the formation of sigma phase 
in a 25% Cr, 15% Ni steel were 
discussed in a recent paper. As a 
result of that investigation, further 
work was undertaken to determine 
the susceptibility to embrittlement of 
commercial heat resisting steels and 
weld metals. The four steels se- 
lected had the following analyses: 
Cc Si Ni Cr WwW 
0.23 1.7 11.5 23.7 3.1 
0.27 1.6 12.0 
0.19 1.8 15.8 
0.12 1.8 19.4 

Samples of these steels were solu- 
tion treated for 4 hr. at 1050, 1150 
and 1250° C. (1920, 2100 and 
2280° F.) and for 5 min. at 1350° 
C. (2460° F.). They were then 
heated for 2000 hr. at either 700° C. 
(1290° F.) or 900° C. (1650° F.) 
to form the sigma phase. The sam- 
ples were heated in a flash butt 
welding machine before heating for 
1000 hr. at 900° C, (1650° F.). 

The sigma phase occurred in all 
the steels at 700 and 900° C. (1290 
and 1650° F.) although the mode 
of occurrence varied. At the weld 
line it occurred at the grain boun- 
daries, but away from the weld line 
it depended on the presence or 
absence of ferrite. 

Bend tests performed on speci- 
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BEST “PACKAGE DEAL” FOR STAINLESS STEEL! For each of the three big steps 
in stainless steel melting—charging, reduction, and finishing—VCA offers “compatible” alloys—alloys 
that work together and complement each other perfectly, all through the melt. Besides the convenience 
of “‘one-order’’ service for all your stainless alloys, you get the extra advantage of these “work- 
together” Vancoram Alloys. 


Vancoram Alloys for Charge Vancoram Alloys for Reduction 


Standard High Carbon Fe Cr Refined Fe Cr 55” L.C. FeCr-Si 34-48 L.C. FeCr-Si 55-25 
Regular Fe Cr “55” Fe Cr “63” L.C. FeCr-Si 40-42 Fe-Si (All grades) 


Vancoram Alloys for Finishing 
Ferrovanadium Regular L.C. Fe Cr 
EXLO® Fe Cr (max. 0.025% & 0.05% C.) L.C. Fe-Ti (30%, 40%, & 27/32% Special) 
Ferrocolumbium Ferroboron 
Grainal Alloys Fe-Si (All grades) 


Remember—there has never been an acceptable substitute for quality! Remember, too—Vancoram 
Alloys set the standards for quality! Next time there’s a question about alloys, call for the services of 
our Engineering-Sales and Technical Representatives at your nearest VCA District Office. 


VANADIUM 
CORPORATION 
"em, OF AMERICA 


420 Lexington Avenue, New York 17, N. Y. © Chicago * Cleveland * Detroit * Pittsburgh 


Producers of alloys, metals and chemicals 
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Embrittlement . . . 


mens aged for 1000 hr. at 875° C. 
(1610° F.) revealed that the tung- 
sten steel specimen, solution treated 
at 1100° C, (2010° F.), had the 
lowest ductility away from the weld. 
However, the heat-affected zones of 
all samples solution treated at 1350° 
C. (2460° F.) had the 
ductility. 

This investigation also covered 


same 


the relationship between the base 
metal composition and the “as- 
deposited” weld metal constitution 
of a number of commercial elec- 
trodes comparable to the A.LS.I. 
Type 300 series. The study dis- 
closed that silicon and manganese 
had little effect on heat resisting 
welds of the duplex tungsten- 
bearing type and on the austenitic 
high-nickel welds. The effect of 
embrittling phases on the bend test 
ductility depended upon the size, 


C0. 10 


MICHIGAN-STANDARD 


FOR THE 


ULTIMATE IN HEAT And CORROSION 
RESISTANT ALLOY CASTINGS 


Makers of MISCO Stainless and High Temperature Alloys— 
Famous for Endurance and Dependability 


FURNACE PARTS + ROLLER RAILS + ROLLER HEARTHS « CONVEYOR 
ROLLS « TRAYS + RETORTS + CHAIN CONVEYORS + WALKING 
BEAM CONVEYORS « MUFFLES + CARBURIZING BOXES « DIPPING 
BASKETS + LEAD AND CYANIDE POTS «+ THERMOCOUPLE PRO- 
TECTION TUBES + PICKLING EQUIPMENT + CHEMICAL PIPE AND 
TUBING ¢ FITTINGS * PRESS ROLLS © SLEEVES * STRAINERS * PUMP 
CASTINGS +« MIXER BLADE CASTINGS «+ CENTRIFUGAL CASTINGS 
MISCELLANEOUS CASTINGS FOR USE AT HIGH TEMPERATURE OR 


UNDER CORROSIVE CONDITIONS 


MICHIGAN-STANDARD ALLOY CASTING CO. 


DIVISION OF MICHIGAN 


1999 GUOIN STREET 


INDUSTRIES CO, 


DETROIT 7, MICHIGAN 


TEL.: LORAIN 7-1545 


amount, and distribution of the 
sigma phase, and on the amount of 
carbides present, decreasing as they 
increased. The maximum amount 
of sigma plus carbides which could 
be tolerated while retaining reason- 
able ductility was 8%. 

High-silicon content was undesir- 
able in the weld metal because it 
increased the amount of nickel re- 
quired to avoid ferrite formation and 
increased the amount of sigma 
formed in a fully ferritic steel. The 
reasonable silicon range for com- 
mercial 25-15, Cr-Ni wire was found 
to be 0.4 to 0.8%. This is increased 
slightly with increased carbon. 

As a result of this investigation, 
the following plate compositions are 
recommended for minimum embrit- 
tlement: 

0.12 
0.15 
0.18 
0.21 
0.24 16.1 
0.27 1.8 15.2 

The proposed weld composition 
for the above steels is: 

MN SI 
0.14-0.18  5.0-7.0 1.0 max. 
Ni 

15-17 

BERNARD TROCK 


N1 (min.) 
19.7 
18.8 
17.9 
17.0 


23-25 


Grain Refinement of 
Ferritic Nodular Irons 


Digest of “The Effect of 
Grain Size on the Mechanical 
Properties of Ferritic Nodular 
Irons”, by G. N. J. Gilbert, 
British Cast Iron Research 
Assoc., Journal of Research and 
Development, Vol. 6, December 
1956, p. 430-435. 


HE TEMPERATURE at which the 

change from ductile to brittle 
failure occurs in a notched-impact 
test specimen of ferritic nodular iron 
is a function of the chemical analy- 
sis. To ensure shock resistance, the 
amounts of silicon, manganese, phos- 
phorus and nickel should be limited. 
However, yield and tensile strength 
values increase sharply with increas- 
ing silicon and nickel contents. Con- 
sequently, the requirements for good 
shock resistance are not conducive 
to the development of the best ten- 
sile properties. 

The problem is aggravated by the 

(Continued on p. 184) 
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Superfast cooling 
cycle annealing 


A furnace-within-a-furnace makes this Surface 
cycle annealer one of the most versatile heat treat units 
in the country. It anneals, cycle anneals, and normalizes 
gear forgings of different size, shape, and alloy at the 
net rate of 864,000 Ibs. per month or better. 

Such exceptional versatility is achieved by a superfast 
cooling zone. Really a full convection furnace within a 
direct-fired furnace, this zone is isolated by refractory 
doors. It can be used or by-passed, depending on which 
of many cycles the customer wants. As a result, the 
customer can heat treat as many as 13 different alloys 
in this one furnace. 

Adding to the flexibility of the furnace is a modular 
tray design. Each module is an 18x20-inch chrome alloy 
casting. Modules can be combined to hold any size of 
work up to 800 pounds. They are also used to carry 
work outside the furnace. 

This furnace-within-a-furnace is another proof that 
Surface engineers are old hands at creating new ideas 
in heat treating. 

Write for Bulletin SC-146 on cycle annealing. 

Surface Combustion Corporation, 2377 Dorr St., 
Toledo 1, Ohio. In Canada: Surface Industrial Furnaces, 
Ltd., Toronto, Ontario. 
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Pyr-O-Vane Millivoltmeter Controller 


Available in 150 standard ranges, and a 
variety of control actions. Both vertical and 
horizontal models can be flush or surface 
mounted. 


Plug-in pulse Pyr-O-Vane control unit 


Control units available with choice of 10 
different control forms. Proportional band 
in pulse Pyr-O-Vane control unit is adjust- 
able between 1 and 3%; cycle timing 
change gears available for 3, 7.5, 12, 
18, 30 or 72 seconds. Fail safe design: 
Most probable types of tube failure cause 
safe failure. 


( 
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Plug-in galvanometer unit 


High-strength Alnico magnet makes 
possible larger gap between magnet 
ond core, reducing clogging due to 
dirt and dust. Tolerances of core 
pieces held to .0005 in. to maintain 
uniform air gap—and provide high 
accuracy. Triple ambient temperature 
compensation provided. 


For economical temperature control... 


complete 
Brown Millivoltmeters 


Canzrut attention to design and construc- 
tion details makes Brown Millivoltmeters 
accurate—and rugged enough to stay accurate 
in hard use. They give reliable, low-cost tem- 
perature control for any heat-using process 
that doesn’t require a chart record. 

True plug-in design makes maintenance easy. 
You can change galvanometers and control 
units in less than a minute. 


Choose Brown Millivoltmeters from 150 stand- 
ard ranges and scales . . . for any safety or 


control application. And you can have a choice 
of either horizontal or vertical cases. 


Honeywell 


line 


With Honeywell’s complete line, there’s no 
need to shop around for your various millivolt- 
meter accessories . . . from thermocouples and 
Radiamatic detectors to motorized valves and 
dampers. 


Your nearby Honeywell field engineer will be 
glad to discuss your specific needs. Call him 
today . . . he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 
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For Top Quality Welding 
On Chrome-Alloy Steels 


Use CHAMPION 
CROLOY® 


iT’S CROLOY 
Only if it 
Bears the Imprint— 


Your Assurance Of 
MAXIMUM 
ae 

QUALITY 


oO 


For top drawer welding of Chrome Moly Steels, Cham- 
pion Croloy Electrodes have excellent handling char- 
acteristics in all positions, and produce radiographically 
clean welds of unsurpassed mechanical properties. Cham- 
pion Croloy Electrodes are available in all of the popu- 
lar grades from 114% Chrome, 14% Moly to 9% Chrome 
1% Moly in 3%” through %’’ diameter. Only Croloy 
Electrodes are identified with the Croloy imprint on each 
Electrode and are manufactured under U.S. patent license. 

a full line of Stainless Steel Electrodes in all 
or AC-DC coatings. Champion is the 
leading manufacturer of the increasingly popular 16-8-2 composi- 
tion, which gives unparalleled freedom from cracking in type 347 
and 316 weldments. 


For further information on any of these electrodes, write today. 


THE CHAMPION RIVET CO. 


Cleveland 5, Ohio East Chicago, Ind. 


Nodular Irons . . . 


development of processes for adding 
magnesium to gray iron without 
using nickel-magnesium alloys; the 
resulting nodular iron is nickel-free 
and exhibits relatively low yield and 
tensile strength values. 

In view of these considerations, 
the influence of variations in heat 
treatment procedures on tensile 
properties is of interest. 

Previous investigators have shown 
that annealing below the critical 
range may have an embrittling influ- 
ence and have recommended a pro- 
cedure involving quenching from 
within the critical range followed by 
tempering. The present paper con- 
cerns the influence of relatively 
slight variations of the conventional 
heat treating cycle on tensile proper- 
ties and ferrite grain size. 

Test bars, machined from keel 
blocks, were put through six dif- 
ferent heat treating cycles. Then the 
microstructures were examined. 

Materials treated for 1 hr. and 
20 hr., respectively, at 1650° F. had 
grain structures typical of normally 
annealed ferritic nodular irons. 
Finer grain structures were obtained 
in materials treated at 1560° F. It 
was concluded that the grain size is 
dependent on the austenitizing 
temperature as well as the holding 
time at this temperature. Material 
treated at 1470° F. for 20 hr. had a 
uniformly sized fine-grain structure 
similar to that occasionally observed 
in commercially annealed materials 
with superior impact properties. 

Care was taken to hold annealed 
specimens for a sufficient time, and 
at a temperature high enough above 
the critical range to ensure that sub- 
boundary structures were not ob- 
tained in the ferrite grains. 

An evaluation of the mechanical 
properties shows that the ultimate 
strength increases slightly and the 
elongation decreases slightly as the 
ferrite grain size is refined. Impact 
test values were not sufficient in 
number to permit the drawing of 
definite conclusions and all transi- 
tion temperature curves fell closely 
together. However, as was expected, 
the material with the finest grain size 
exhibited the lowest transition tem- 
perature, and the presence of an 
undesirable sub-boundary structure 
resulted in a very high transition 
temperature. 
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EVERY LINK IS A “‘FATIGUE TEST-BAR’”’ 


Their “predictably uniform” SERVICE-Fatigue-Life, determines your FACTUAL alloy COST, (Heat Hrs. per $). A 1% 
failure, a single “WEAK LINK”, means PRODUCTION INTERRUPTION, that could cost you over 100% of the alloy 
price. 


FATIGUE-LIFE is determined by Metallurgical INTEGRITY, by as-cast Structures-Properties. For predictable grain- 
size and orientation, (i.e. Structures-Properties), between castings, and within individual castings, SPECIFIC highly 
ADVANCED Technology, processes ond CONTROLS are MANDATORY. These proprietary developments differ widely 
from conventional “foundry practice”. 


UNIQUE AND UNPRECEDENTED A.E.C. Co. Casting Process and Product Research & Development Projects, for 
three branches of the U.S. Armed Services, and privately, during and since W.W. 2, are not remotely approached 
in scope, depth, and extent of effort, by companies, or trade associations, in the Alloy, or steel casting industry. 


Eliminate “Weak Links” in your production line. Let A.E.C. Co. Engineers help bring your High Temperature Tool. 
ing up to the level of your Machine Tooling. We solicit your inquiries. 
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Nodular Irons .. . 


The author concludes that im- 
proved tensile and impact proper- 
ties can be obtained if nodular irons 
are annealed to give a fine ferrite 
grain size. The improvement in ten- 
sile properties is indicated by a sub- 
stantial increase in yield strength, 


to the ferritic condition by holding 
at a temperature of about 1650° F. 
for a few hours and then holding at 
a subcritical temperature of about 
1270° F. for an additional length of 
time. After the 1650° F. treatment, 
materials may be air cooled and 
reheated to 1270° F. or simply 
furnace cooled to 1270° F. If the 
treatment at the high temperature is 


while the ductile-to-brittle transition 
temperature is decreased. 
Materials are normally annealed 


carried out at temperatures lower 
than 1650° F., some grain refine- 
ment is obtained. At any given 


NORTH AMERICAN AVIATION 


Cures and Stabilizes AM-350 STAINLESS STEEL 
with this 


Cincinnati Sub-Zero 
Chilling Unit 


This 47 cu. ft. unit can bring 250 Ibs. of AM-350 stainless from ambient to minus 120° in 60 minutes! 


Stabilization of austenitic stainless steels and tools is accomplished quickly 
and safely at North American Aviation with a model 3SR-120-47 Cincin- 
nati Sub-Zero Chilling Machine. Tailored to the specific application, this 
new 47 cu. ft. model completes the transformation from austenite to 
martensite without warpage, excessive scaling or distortion. . . . produces 
high impact steel with good corrosion resistance. 

The model 3SR-120-47 will be used extensively to eliminate retained 
austenite in the aircraft industry’s “new” steels. Rocket and missile steel, 
for example, must retain hardness and dimensional stability at elevated 
temperatures. 

Cincinnati Sub-Zero, a pioneer manufacturer with more than 16 years 
experience in the Design, Construction and Application of Low Tempera- 
ture Equipment, can .custom-build a unit to meet your specifications, 


Outline your requirements for a prompt, no-obligation report. 


Cincinnati Sub-Zero Products 


General Offices & Plant: 3930 R-8 Reading Rd., Cincinnati 29, Ohio 


temperature, finer grains are ob- 
tained after a short treatment rather 
than a long one, providing the mate- 
rial has austenitized completely. 
Very fine grain structures are ob- 
tained by holding at a temperature 
in the austenitic range as close as 
possible to the upper limit of the 
critical range. 

The austenitizing temperature for 
annealing nodular irons may some- 
times be chosen with the object of 
decomposing eutectic carbides pres- 
ent in the as-cast condition. The 
lower the temperature and the 
shorter the time-cycle, the less 
readily will this phase decompose. 
Therefore, if an attempt is made to 
produce a fine-grained material, care 
should be taken to avoid the presence 
of eutectic carbide in the as-cast 


structure of the iron a 


Periodic Markings on 
Electropolished Aluminum 


Digest of “Pseudo-Subgrain 
Structures on Aluminum Sur- 
faces”, by N. C. Welsh, Journal 
of the Institute of Metals, Vol. 
85, December 1956, p. 129-135. 


LECTRON-MICROSCOPE replicas 

from anodically polished alumi- 
num often show fine lines equally 
spaced at intervals of about 0.1 «. 
The pattern resembles furrows, and 
changes direction from grain to 
grain. The object of this investiga- 
tion was to examine the possibility 
that the surface markings are traces 
of an internal crystal structure. 

High-purity rolled and annealed 
aluminum sheets were anodically 
electrolyzed under controlled con- 
ditions ranging from electropolishing 
to heavy anodic oxidation. Speci- 
mens were prepared at voltage in- 
tervals up to the breakdown limit 
of the anodic layer. 

It became evident that the fur- 
row-like structure first reported is 
only one of many patterns which 
the polished surface can aquire. 
Variations were due to (a) complete 
changes of structure associated with 
changes in the condition of electrol- 
ysis, and (b) modifications of pat- 
tern from grain to grain, related to 
the crystal orientation of the sub- 
strate. In category (a) three basic 
structural patterns, designated as 
“furrow”, “dotted”, and “globular” 
(Continued on p. 190) 
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MAKING BETTER STEELS © 


—AT LOWER COST 


ADDING 


. . . to the electrode column combines the melter’s art and science of 
knowing how and doing it right. 

The joints of a GLC graphite electrode column are made tighter by 
using the “‘weld-strength” Unitrode® nipple—a revolutionary new aid to 
making better steels at lower cost. 

FREE—This illustration of one of the skills employed by the men who make 
the metals has been handsomely reproduced with no advertising 


text. We will be pleased to send you one of these reproductions 
with our compliments. Simply write to Dept. P-6. 


ELECTRODE 
GREAT LAKES CARBON CORPORATION 
DIVISION ® 18 EAST 48TH STREET, NEW YORK 17, N.Y. OFFICES IN PRINCIPAL CITIES 
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made possible ... with Stokes 


In your own plant, or in Stokes newly in- 
stalled vacuum furnace laboratory, early 
metallurgical investigations can lead to 
exciting new product and application de- 
velopments. 


Stokes’ extensive design experience and manu- 
facturing facilities combine to make possible 
these new research and development opportuni- 
ties in vacuum metallurgy. You have a choice 
of a complete range of types and sizes of 
furnaces. The systems are offered complete — 
placing in Stokes a single-source responsibility 


Stokes offers additional advantages that can 
contribute to your successful metallurgical in- 
vestigations. Stokes can, for example, deliver a 
complete turnkey installation —erected, tested, 
and delivered “in operation’. Systems benefit 
from the use of stocked components —facilitat- 
ing faster delivery. On an economy note, the 
Stokes system frequently turns out to be the 
least expensive means of doing the job. 


Standard Stokes Vacuum Furnaces, extending 
from R. & D. into full production size systems, 


for performance and reliability. are available for melting, refining, casting, heat- 


THE STOKES VACUUM METALLURGY LABORATORY 


Stokes offers laboratory facilities for vacuum 
melting and heat-treating. This installation 
is available as a tool to those interested in 
learning more about vacuum melting and 
heat-treating of ferrous or non-ferrous met- 
als, as well as those looking for opportunities 
to make special vacuum investigations. Set- 
ups can be made to simulate production 
cycles, and serve to develop comprehensive 
recommendations for future production and 
systems operation procedures. 
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Vacuum Furnaces 


: The General Thomas J. Rodman Laboratory of the 
Watertown Arsenal, Watertown, Mass., uses this 500 
= Ib. capacity Stokes Vacuum Furnace for research on 
In addition, special systems can be custom- ~. Titanium, other reactive metals, and radioactive 
: metals. Special locks enable additions to be mace or 

designed to meet the exact needs of specific opera- samples taken without breaking the vacuum. 


treating, sintering, brazing and stream degassing. 


tional requirements. All-the-way service, before 
and after the sale, completes the picture of how 
well Stokes is equipped to work with you. 


You can take full advantage of Stokes’ advanced 
vacuum technology. The Stokes Engineering Ad- 
visory Service will assist you in planning and de- 
signing an installation that will best serve your 
exact requirements. Call Stokes —today. 


Resistance-heated, two-zone, high temperature 
Vacuum Heat-Treat Furnace . . . installed for opera- 
tion over 2500 F. Available in sizes to 9'' 1.D., for 
brazing, ovt-gassing and heat-treating . . . in both 
research investigations and small parts production. 


Vacuum Equipment Division 
F. J. STOKES CORPORATION 
5500 Tabor Road, Philadelphia 20, Pa. 


Stokes Vacuum Furnace, in the Bayonne, N.J. labora- 
tory of International Nickel Co., Inc., is used to study 
the effects of vacuum melting and casting on nickel 
base alloys destined for jet engines and other extreme- 
temperature services. It has a 50-pound crucible. 
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The Heraeus Vacuum Arc Melting 
Furnace Model VA-L200H, small- 
est of a line of Heraeus Furnaces 
sold by CEC. 


This Roots pump maintains low, 
vapor-free pressures. A motor 
operating within the vacuum drives 
its rotary frictionless pistons. 


Cr, Hf, Ir, Mo, Nb, Os, Pd, 
Pt, Re, Ta, Ti, V, W, Zr 


Get pure vacuum melts of these metals 
in minutes! 


\ 

/ 


With this new Heraeus Arc Melting Vac- 
uum Furnace, the VA-L200H, you can get 
vacuum melts in “‘buttons’’ or ingots. 

You can get them of Titanium, Zir- 
conium, Tungsten, and other metals or 
alloys with high melting temperatures. 
You can get them fast and pure. 


Super-fast mechanical pump—A Roots 
mechanical vacuum pump pulls pressures 
in the furnace down to 5 x 104mm Hg— 
fast. 


Its throughput of 10,400 micron CFM 
at 10 microns easily handles sudden gas 
bursts encountered with certain metals. 


No oil contamination— The Roots pump’s 
frictionless rotary pistons require no oil 
sealing. There can be no contamination 
from backstreaming vapors in the system. 


No crucible contamination— The Heracus 
furnace has a water-cooled, copper cruci- 
ble which cannot contaminate the melt. 


Fixed or consumable electrodes — You 
may use either fixed electrodes of tungsten 
or metallic carbides, or consumable elec- 
trodes of the metal you are melting. 


This Heraeus furnace has many other 
features valuable in laboratory or small- 
scale production, including exceptional 
economy —operating either under vacuum 
or with an inert gas atmosphere. 

Heraeus of Hanau, Germany, has li- 
censed CEC as exclusive agent for Heraeus 
Arc Furnaces (and Roots Pumps) in 
this country. Complete details in our 
Bulletins P8-20 and P4-28. 


Consolidated Electrodynamics 


Rochester Division, Rochester 3, N.Y. 


SALES AND SERVICE OFFICES IN PRINCIPAL CITIES 


Markings . . . 


structures, appeared under different 
regimes of applied potential and 
bath temperature. The regimes 
were broadly defined for the per- 
chloric acid-alcohol bath as follows: 
0 to 10 v., no detectable structure; 
10 to 20 v., furrow structure; 20 to 
30 v., a transition range from furrow 
to dotted structure; 30 v. up to the 
breakdown limit, dotted or globu- 
lar structures, the latter appearing 
only at temperatures below 0° C. 

The potential applied to the elec- 
tropolishing cell appeared to be the 
dominant factor controlling not only 
the geometry of the surface patterns, 
but also the spacing of the structural 
units 0.03 to 0.34. The spacing 
between equivalent points of each 
pattern increased progressively as 
the applied potential increased. The 
bath temperature and current den- 
sity had no detectable influence on 
spacing. 

Structures appearing at the lowest 
voltages were extremely fine, ap- 
proaching the resolution limit set 
by the replicas (250 A); hence the 
absence of recognizable patterns 
may simply indicate inadequate 
resolution. Structureless zones also 
appeared at voltages approaching 
the breakdown limit. 

By using direct current from a 
battery source, instead of rectified 
alternating current, the applied 
potential could be increased from 
70 v. to 100 v. before breakdown 
occurred. The voltage range within 
which furrow-type structures ap- 
peared extends up to 50 v. compared 
with only 30 v. for rectified current. 
The potential applied during electro- 
polishing appears to be the domi- 
nant factor determining the size and 
pattern of the surface structures. 

The notion that the markings rep- 
resent some regular incoherence in 
the grain structure of the metal is 
refuted by these experiments. The 
changes of pattern and spacing and 
their dependence on the electric field 
are incompatible with the concept of 
a sub-grain structure. The postulate 
is made that the markings originate 
from a micro-etch process acting 
through, and controlled by, a dis- 
perse anodic film. The findings 
emphasize the need for caution in 
interpreting fine structures revealed 
by electropolishing. 

A. F. Mournuem. 
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vacuum-cast 


@ Kolcast is now in an ideal position to supply you with 
vacuum-melted super-alloys, both as investment castings and 
wrought products. New facilities include one of the largest 
induction vacuum furnaces—a 2400-pound unit equipped 
for continuous charging, melting and pouring while main- 
taining evacuated atmospheres of 10 microns or less. 


Kolcast precision castings of super-alloy are poured in 
inorganic ceramic molds. Contours, dimensions, and surfaces 
of these castings are so accurate that practically no machin- 
ing or finishing is required before assembly. High-cost super- 


alloy scrap is reduced, and expensive, slow machining is 
practically eliminated. 


Even the most complex contours can be accurately cast 
by the Kolcast vacuum process. Your 
designs need not be compromised by the 
production limitations of ordinary 
casting methods. Let us send a Kolcast 
sales engineer to talk to your designers 
and production men. Call or write us 
at your earliest convenience. 


KOLCAST INDUSTRIES nc 


DEPT. MP-668 «+ 16601 EUCLID AVENUE + CLEVELAND 12, OHIO 


AMEE. 
MMM Super-alloy ingots and investment castings | 
{ 
Free booklet on request ; 
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of Beryllium 


Digest of 


28, 1957, p. 546. 


“Beryllium 
Beryllia—Part I and II”, by L. 
David, Metal Industry, Vol. 90, 
June 21. 1957, p. 519-521; 


Properties and Fabrication 


and 


June 


ERYLLIUM is an outstanding re- 
flector material for neutrons, the 
elementary particles that produce the 
chain reaction in the core of a 


When a neutron 
strikes a beryllium nucleus, it is more 
likely to rebound than to be ab- 
sorbed. If a reactor core is sur- 
rounded by a beryllium reflector, 
escaping neutrons will tend to 
bounce back into the arena of fission 
and so contribute to the continuation 
of the chain reaction. Its low 
neutron-absorption property is also 
important in the choice of beryllium 
as a moderator. 

As a moderator the element acts 


nuclear reactor. 


New GA batch type con- 
trolled atmosphere furnace 
designed for tool rooms 
and small production. 2 
models now ready—others 
to follow. 


30 S. SHELBY ST. 


ELECTRIC 


HEAT TREATING 


INDUSTRIAL 
BOX FURNACES 


WITH AND 


WITHOUT 


High Speed and 
Recirculating 
- Electric Furnaces 4 etc. 8 sizes to 24” w. x 15° 


Recirculating Air Draw: box 
type furnace for controlled 
heating to 1300° F.—steel 
tempering, glass annealing, 


h. x 48° d. 


Electric Ovens 


Bench Type: for tools and small 
parts—to 2000° F. 14 sizes to 
10° w. x 8” h. x 18° d. 


Recirculating Ovens: for drying, 
finishing and industrial process- & 
ing to 600° F. 5 sizes to 36” w 

x 36" d. x 60" h. 


High Temperature Box Furnace: 
4 for high speed steel treating to 
2500° F. 3 sizes to 12" w.x 8” h. 
x 24° d. 


Industrial Box Furnace for general 
heat treating—to 2000° F. s sizes 
to 24” w. x 18" h. x 48” 


Catalog and complete Information on any of 
these furnaces will be gladly furnished on request. 


COOLEY ELECTRIC MANUFACTURING CORPORATION 


INDIANAPOLIS 7, INDIANA 


to decrease the speed of the neu- 
trons born in the fission process, 
After repeated impacts with beryl- 
lium atoms, the neutrons slow down 
sufficiently so that a direct impact 
on a uranium-238 atom is likely to 
cause another fission reaction out of 
which new neutrons are born which, 
in turn, have to be slowed down to 
continue the process. The slowing- 
down power is present in beryllium 
in a most remarkable degree. It is 
therefore no surprise that the A.E.C. 
contracted for 450 tons of beryllium 
metal in August 1956. 

The author, L. David, who is a 
director of the Beryllium Smelting 
Co., Ltd., has assembled in a briet 
and concise manner the most impor- 
tant properties and fabrication 
processes of beryllium and to some 
extent those of beryllia (BeO). For 
a more detailed treatment of many 
subjects, the reader is referred to the 
A.S.M. book “The Metal Beryllium”, 
published in 1955. 

Beryllium is practically as light as 
magnesium, has good corrosion re- 
sistance to water and air and has a 
high strength-to-weight ratio, more 
favorable than titanium. These prop- 
erties, coupled with an_ elastic 
modulus of about 40,000,000 psi., 
account for the interest of the avia- 
tion industry in the metal. 

The high melting point of the 
metal (2340°F.) and particularly 
that of the oxide(4660° F.) make 
it an attractive high-temperature 
material. This desirable property 
in combination with the element's 
nuclear characteristics promises some 
new application in high-temperature 
nuclear reactors. Unfortunately, the 
health aspect is not sufficiently dis- 
cussed, and should not be over- 
looked by anybody planning to use 
beryllium or especially beryllia. 

Chemically, beryllium is closely 
related to aluminum and its complete 
separation from this element is diffi- 
cult. Like aluminum, beryllium 
forms a protective oxide skin and 
owes its stability in air up to red 
heat to this protective oxide layer. 
Difficulty in joining the metal stems 
from the ease of oxidation at elevated 
temperatures, and from inherently 
low ductility. A high heat of fusion 
and high specific heat are also con- 
tributory causes of difficulty. 

Complicated shapes like finned 
tubing and fluted spacer rods have 
been fabricated from beryllium 
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American 


FLAT FLAME BURNERS 


Provide Lots of Heat 
with 
No Hot Spots 


4 Place the Flat Flame Burner close to the work without risk 
of hot spots or flame impingement — as graphically illus- 
trated by the rolled paper in the photo. This burner de- 
livers as much heat as any burner of comparable size, but 


Cover Type 
Annealing Furnaces 
Simple direct firing with a 
few Fiat Flame Burners with- 
out baffle plates gives good 
heat distribution that results 

in longer cover life. 


Direct Fired 
Billet Heaters 


Lower the roof & costs with 
Flat Flame Firing. Get plenty 
of even heat with no flame 
impingement. (Burners can 
be adjusted for flame im- 
pingement when desirable.) 


Car Bottom Furnaces 


Flat Flame Burners spread 
heat evenly over wide areas 
without creating hot spots in 
front of the burners. Mount 
the burners closer to the 
car, permitting construction 
of a narrower furnace. 
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Flat Roof Rotary 
Heat Treat Furnaces 


Modernize furnaces with Flat 
Flame Burners in the roof 
for better capacity and tem- 
perature distribution. Design 
furnaces with lower roofs. 


heating will be uniform over a large area. 


Applications That Profit Through Use of Flat Flame Burners 


Cover Fired Ladles 
Comparatively cheap gas 
firing gives good tempera- 
ture uniformity without flame 
impingement — even in a 
compact cover usually asso- 
ciated with electric heat. 


Pot Melting Furnaces 


Firing Flat Flame Burner 
directly is equivalent to 
firing tangentially both right 
and left. This results in sim- 
pler brickwork, smaller fur- 
nace O.D., better heating 
in the pot. 


For engineering information consult your nearby N. A. office or write for Bulletin 4832 W 


Process Heaters 


With Flat Flame Firing, use 
fewer burners and place 
them closer to the tubes. 
You get more even heat ab- 
sorption and have a more 
compact, less costly furnace. 


Tanks and 
Salt Bath Furnaces 


Flat Flame Burners spread 
heat uniformly over wide 
areas. Tanks have 
longer life since hot spots 
are eliminated. 


will 


MBUSTION ENGINEERS | 
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Beryllium . . . 


powder by hot pressing at about 
1900° F. using pressures of 75 to 
1000 psi. Maximum tensile duc- 
tility has been observed in powder 
warm pressed at 800°F. with a 
pressure of 200,000 psi. Beryllium 
can be forged at about 1500 to 
2000° F. with characteristics similar 
to those of magnesium. 

Beryllium oxide is pure white, 
light in weight, very hard and brittle 
with high compressive strength. 
Beryllium oxide shapes can be bond- 


QUENCHED from 1600°F to 300°F, this 10/%-foot gear 
| owes its uniform hardness to violent agitation of quench 
water by five propelier-type side entering LIGHTNIN 
Mixers, installed near bottom of 12-foot-deep tank, be- 


low floor level. See diagram below. 


N 


1) 


No soft spots iz this 714-ton gear 


How do you get uniform hardness in a 


cast steel gear weighing 742 tons? 

The Falk Corporation (Milwaukee) 
does it with this king-size water quench 
tank, equipped with five 25-horsepower 
propeller-type LIGHTNIN Mixers. 

The gear is quenched at Wisconsin 
Steel Treating & Blasting Co. for The 
Falk Corporation, who engineered the 
process. 

To speed heat extraction, the LiGut- 
NIN Mixers churn the water violently 
during quenching. The resulting turbu- 
lence constantly wipes and wets every 
square inch of the huge gear surface. 

Temperature of the gear drops from 
1600°F to 300°F—producing the de- 
sired hardness over the entire gear, 
which is 10% feet in diameter. 

“We are fully satisfied with LIGHTNIN 
Mixers for this important quenching 
operation,” says Edward J. Wellauer, 
Falk’s Assistant Chief Engineer. “The 
mixers were installed late in 1953 and 
have given us excellent results ever 
since.” 

Don’t let size keep you from getting 
better physical properties, greater tough- 
ness in quenched parts. You can im- 
prove hardness uniformity, reduce or 
eliminate warpage and cracking, re- 
treats and rejects—by quenching parts 
as small as a lock washer, as big as a 
105mm gun barrel, with LIGHTNIN 
Mixers. Write us today for facts on 
LIGHTNINs that will give you the results 
you want. 


UNIFORM TURBULENCE in bath wipes 
vapor film rapidly from entire surface of 
gear, for maximum liquid contact and 
best possible heat transfer conditions. 


SIDE ENTERING unit is one of mony 
LIGHTNIN types you can get, in sizes 
from Ye to 500 HP. You can use LIGHTNIN 
Mixers for standard quenching, martem- 
pering, austempering; for batch or con- 
tinuous work; in new or existing quench 
tanks of any size and shape. 


Mixers 


MIXING EQUIPMENT Co., Inc. 
171-f Mt. Read Bivd., Rochester 11, N. Y. 
in Canada: Greey Nixing Equipment, Ltd., 100 Miranda Ave., Toronto10, Ont, 


ed without addition of impurities and 
can be formed after firing with the 
very best tungsten carbide tools or 
water-lubricated diamond wheels 
(Knoop hardness 1250). Beryllium 
oxide is of greatest advantage where 
a high dielectric strength with very 
high thermal conductivity (thermal 
shock resistance) is required over 
a wide temperature range. This is 
why beryllium oxide is employed in 
aircraft spark plugs, ultra high-fre- 
quency radar insulators, and linings 
used in high-temperature electric 
furnaces. 

Though the high cost of nuclear 
grade metal has somehow impeded 
the progress in atomic energy appli- 
cations, beryllium has found its use 
in the A.E.C.’s Material Testing 
Reactor (MTR), in the reactor for 
the submarine Sea Wolf (SIR), and 
in the low-power and high-power 
water boiler reactors (LOPO and 
HYPO). Other applications of this 
element in the nuclear industry are 
undoubtedly forthcoming. 

FREDERICK FORSCHER 


Oil-Free Bearings 


Digest of “Small Oil-Free 
Bearings”, by H. 8S. White, Tech- 
nical News Bulletin, National 
Bureau of Standards, Vol. 41, 
March 1957, p. 35-37. 


Locks and similar mechanisms 
used on aircraft must function 
reliably at subzero temperatures, 
and therefore the bearings used in 
them must operate as freely at such 
temperatures as at ordinary room 
temperature. Since excessive fric- 
tion is produced in bearings at sub- 
zero temperatures by increased vis- 
cosity and congealing of oils, oil- 
free bearings are desirable for this 
service. 
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4 ways a Du Pont specialist can help you 
maintain an efficient hydride descaling unit 


He'll study and report on your present descaling operation . . . evaluate your 
existing process . . . help you change over if need be. 


He'll intorm your production staff of current developments... point out safety 
precautions . . . instruct your operators in the latest techniques. 


He'll check your results . . . make sure your sodium hydride bath is functioning 
properly at lowest cost to you. 


Ca// on Du Pont... 
prime producer of @ He'll apply years of experience to make sure your process stays at peak efli- 


ciency . . . give you continued on-the-spot service. 
Du Pont’s complete service includes help in starting up a descaling operation 
in hydride descaling from scratch ...adapting existing setup to handle new applications. . . solving 
problems in our new fully equipped Sales Technical Laboratory, where you 
may observe your samples being processed if you wish. Users of this Du Pont 
service include many of the most prominent producers of stainless steel and 


other alloys. For the complete story contact the Du Pont District Office nearest 
you or write the address below. 


ELECTROCHEMICALS DEPARTMENT - DISTRICT AND SALES OFFICES: 
Sodium Products Division ° BALTIMORE + BOSTON + CHARLOTTE 
CHICAGO + CINCINNATI CLEVELAND 
DETROIT + KANSAS CITY* 
; LOS ANGELES + NEW YORK 
REG. U.S. PAT. OFF &.1.DU PONT DE NEMOURS @CO.(INC.) PHILADELPHIA + SAN FRANCISCO 


BETTER THINGS FOR BETTER LIVING Wilmington 98, Delaware : *Barada & Page, Inc. 
«++ THROUGH CHEMISTRY 
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a vital and varied 
research program for 
metallurgists 
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An active and varied solid state research pro- 
gram on both metallic and ceramic materials 
is vital to the furtherance of reactor devel- 
opment objectives. Since reactor perform- 
ance is limited by materials’ deficiencies, 
materials of higher performance capabili- 
ties and lower cost are urgently needed. 


Immediate research, both basic and applied 
in nature, must be performed in the fields 
of physical and mechanical metallurgy, 
solid state physics, and physical chemistry. 
At present, materials of principal interest 
include alloys and compounds of zirconium, 
aluminum, and uranium. 


This research program offers outstanding 


almost endless. 


Westinghouse, Box 1468, Pittsburgh 30, Pa. 


BETTIS ATOMIC POWER DIVISION 


In control material development, research 
is under way on compounds and alloys with 
boron, silver, and indium. 


Because of this urgency, the Bettis Atomic 
Power Division of Westinghouse has in- 
augurated a unique research program. The 
professional who is interested in an oppor- 
tunity to not only develop a problem in- 
dividually, but also to correlate it with 
parallel solid state research, with practical 
fabrication development, and with theoreti- 
cal and design application by reactor physi- 
cists and engineers — will find himself 
engaged in a rewarding wide range of in- 
teresting activities. 

At Bettis, the Metallurgist will have at his 
disposal a modern laboratory, completely 
equipped with the finest tools applicable 
to modern solid state research. Close 
professional contacts are maintained with 
the parent research laboratories of the 
Westinghouse Electric Corporation as well 
as with the University of Pittsburgh and 
Carnegie Institute of Technology. Out- 
standing experts in the fields of physical 
and mechanical metallurgy, solid state 
physics, and physical chemistry, are avail- 
able for consultation. 


and unlimited career opportunity for pro- 
fessional development, both formal and in- 
formal. The possibilities for development 
and advancement in this broad, and largely 
untapped field of solid state research are 


If you feel you qualify for a career in 


nuclear power and you are a U.S. Citizen, 


send your resumé to Mr. M. J. Downey, 
Dept. # A-57, Bettis Atomic Power Division, 


Westinghouse 


BETTER YOUR FUTURE AT BETTIS 
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ANHYDROUS 
AMMONIA 
99.995% 
PURE 


HAMLER INDUSTRIES, INC. 


BUT OUR SERVICE MEANS 
MORE THAN JUST AM- 
MONIA! EXPERT TECH- 
NICAL HELP AND SAFE 
PRESSURE STORAGE SYS- 
TEMS ARE INCLUDED AT 
NO COST TO YOU. 


99.995% PURE AMMONIA 
FOR HEAT TREATING IS 
YOURS AT NO INCREASE 
IN PRICE. 


PRESSURE TANKS ARE COM.- 
PLETELY DESIGNED, EQUIPPED, 
AND PRESSURE TESTED TO CON- 
FORM WITH ALL CITY AND 
STATE CODES FOR UNFIRED 
PRESSURE VESSELS. 


BULK STATIONS ARE LOCATED 
THROUGHOUT THE MIDWEST TO 
GIVE YOU FAST, DEPENDABLE 
SERVICE. 


HAMLER 
WILL SAVE 
YOU MONEY 


FIND OUT HOW, 
CALL OR WRITE... 


HAMLER 
INDUSTRIES, INC. 


6025 WEST 66th STREET 
CHICAGO 38, ILLINOIS 


DETROIT CLEVELAND 
6560 CASS AVENUE 3537 LEE ROAD 


BULK STATIONS AND TANK TRUCK 


DELIVERY IN CHICAGO, CLEVELAND, 
DAYTON, DETROIT, PITTSBURGH 


Oil-Free Bearings . . . 


To determine suitable materials 
for such bearings, the friction and 
wear characteristics of 81 materials 
were investigated mostly between 
—76 and 77° F. These materials 
included bronze, sapphire, boron 
carbide, impregnated carbon, and 
several kinds of plastics with and 
without various fillers. Friction and 
wear tests were made at speeds of 3 
to 300 rpm. using a hardened stain- 
less steel shaft % in. in diameter 
with a load of 4.85 lb. Wear tests 
were also made in thrust bearings 
against %-in. diameter oscillating 
shafts with a total load of 2.734 Ibs. 
Oil-free bearing performance was 
studied in 18 timepieces of various 
types by noting the accuracy of keep- 
ing time in 24 hr. at —76, 77, and 
167° F. 

The results reported are summa- 
rized as follows: Sapphire was the 
most satisfactory material for pallet 
stones in timepieces, but may cause 
rapid wear of moving parts in cer- 
tain types of unlubricated bearings. 
Boron carbide and bearing bronze 
were unsuitable for unlubricated 
bearings. 

Carbon impregnated with a metal 
such as silver was likewise not suffi- 
ciently fine-grained or uniform for 
the smallest bearings, but such 
material without lubrication was 
generally satisfactory with respect 
to friction and wear. 

Polytetrafluoroethylene was not 
suitable for general use in these un- 
lubricated bearings, although for 
special applications it might be ade- 
quate. Its friction increases below 
0° F. Fused coatings of this ma- 
terial also were unsatisfactory. 
When mixed with about 29% by 
volume (63% by weight) of 0.5 to 
5 » molybdenum powder, however, 
this material formed excellent bear- 
ings for the conditions under in- 
vestigation. The coefficient of fric- 
tion was low and the wear resistance 
exceptionally good. 

Polytrifluorochloroethylene also 
appeared unsatisfactory by itself in 
these tests, but when mixed with 
a filler of 10 to 60% polytetrafluoro- 
ethylene and fused at 500°F., a 
very promising oil-free bearing mate- 
rial was obtained, with greatly im- 
proved resistance to wear though its 
friction increases below 0° F. 

Georce F. Comstock. 


FURNACES 


for small production 
and research! 


Insulated, refractory lined 
shell 


Base mounted electrodes, in- 
dependent of shell; water 
cooled electrode clamps 


Automatic rocking controller 
with 3-phase reversible motor 


Big-Furnace Features And Effi- 
ciency —All the advantages of 
the big Detroit Electric Fur- 
naces! Indirect arc operation 
for high quality, clean, accu- 
rately alloyed melts. Rocking 
action for speed and greatest 
utilization of heat. Longer lining 
life and easy maintenance. Single 
power unit contains meters and 
transformer. Two sizes: 60 lb. 
and 100 lb. 


Write for complete data, 


DETROIT 
ELECTRIC FURNACE 
DIVISION 


KUHLMAN ELECTRIC COMPANY 
1080 26th St. + Bay City, 
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RULES FOR ENTRANTS 


Exhibitors do not need to 
be members of the American 
Society for Metals. 

Work which has appeared 
in previous metallographic 
exhibits held by the Amer- 
ican Society for Metals is un- 
acceptable. 

Photographic prints should 
be mounted on stiff card- 
board, extending no more than 
3 in. beyond edge of print in 
any direction; maximum di- 
mensions 14 by 18 in. (35 by 
45 cm.). Heavy, solid frames 
are unacceptable. 

Entries should carry a lab- 
el on the face of the mount 
giving: 

Classification of entry. 

Material, etchant, mag- 
nification. 

Any special information 
as desired. 

The name, company affilia- 
tion and postal address of 
the exhibitor should be placed 
on the back of the mount to- 
gether with a request for re- 
turn of the exhibit if so 
desired. 

Entrants living outside the 
United States should send 
their micros by first-class let- 
ter mail endorsed “Photo for 
Exhibition—May be Opened 
for Customs Inspection”. 

Exhibits must be delivered 
before Oct. 15, 1958, either 
by prepaid express, regis- 
tered parcel post or first- 
class letter mail, addressed: 


Metallographic Exhibit 
American Society for Metals 
7301 Euclid Ave. 

Cleveland 3, Ohio, U.S.A. 
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METALLOGRAPHIC EXHIBIT 


Cleveland, Ohio, October 27 to 31,1958 


All metallographers— 


everywhere— 


are cordially invited to 


display their best work. 


CLASSIFICATION OF MICROS 


Class 1. Cast irons and steels. 


Class 2. Carbon and alloy steels 
(wrought). 

Class 3. Stainless steels and heat 
resisting alloys. 

Class 4. Aluminum, magnesium, 
beryllium, titanium and their 
alloys. 

Class 5. Copper, nickel, zinc, lead 
and their alloys. 

Class 6. Uranium, plutonium, thor- 
ium, zirconium and _ reactor 
fuel and control elements. 

Class 7. Metals and alloys not 
otherwise classified. 


Class 8. Series showing transitions 
or changes during processing. 

Class 9. Welds and other joining 
methods. 


Class 10. Surface coatings and sur- 
face phenomena. 


Class 11. Slags, inclusions, refrac- 
tories, cermets and aggregates. 

Class 12. Electron micrographs. 

Class 13. Results by unconvention- 
al techniques. 


Class 14. Color prints in any of the 
above classes. (No transparen- 
cies accepted. ) 


AWARDS AND OTHER INFORMATION 


A committee of judges will be appointed by 


the Metal Congress 


management which will award a First Prize (a medal and blue ribbon) 
to the best in each classification. Honorable Mentions will also be awarded 
(with appropriate medals) to other photographs which in the opinion of 
the judges closely approach the winner in excellence. A Grand Prize, in 
the form of an engrossed certificate and a money award of $500 from the 
Adolph I. Buehler Endowment will also be awarded the exhibitor whose work 
is judged best in the show, and his exhibit shall become the property of the 
American Society for Metals for preservation and display in the Society’s 
national headquarters in Cleveland. 


All prize-winning photographs will be retained by the Society for one 
year and placed in a traveling exhibit to the various @ Chapters. 


40th NATIONAL METAL CONGRESS & EXPOSITION 


CLEVELAND PUBLIC AUDITORIUM — — — OCTOBER 27 THRU 31, 1958 
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Sin thicknesses from .010” to.109”, and .005” to .109” in 36” 


= THESE SPECIAL WORK ROLLS MAY LOOK ALIKE— | 


It takes more than just a precision mill 


OUR SENDZIMIR MILLS produce sheets up to 48” wide, 


wide sheets in all commercial grades, finishes and tempers. 
Strip is available in gauges from .0015” to .090” 


BUT THEY AREN'’T— due to minute variations in decimal ] 
diameter, hardness and a number of special compositions. In | 
fact, profilometer readings show that our rolls are 9 times 
smoother than plate glass. 


to produce STAINLESS STEEL 
of WUiereKold. quality 


...it takes Operating Know-How. Only 
Washington Steel, first to use Sendzimir 
sheet rolling, can offer you 10 vears of 
practical experience with these mills. 


Every hot-rolled stainless steel band has varia- 
tions in thickness and surface characteristics 
which must be compensated for in the cold-reduc- 
tion process to obtain precise gauge and flawless 
surfaces. To do this, special work rolls with minute 
diameter differences along the length of the roll 


6T Woodland Avenue . 


WASHINGTON STEEL CORPORATION 


Washington, Pennsylvania 


are used in controlling such variations as crown, 
edge and camber. To accurately control all the pos- 
sible variations requires a large number of these 
rolls, plus highly skilled operators who know from 
experience which rolls, speeds and reductions are 
required. These are but a few of important factors 
in quality rolling which can only be learned by long 
experience and association with precision mills. 

Washington Steel is the only producer whose 
entire production stainless steel sheet and strip 
is rolled exclusively on the Sendzimir Mill. 
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You make no profit on the time you 
spend cleaning out a degreaser. 

You cut another slice off the top 
of profits whenever you have to add 
fresh stabilizer to your trichlorethyl- 
ene bath. 

When a bath goes ‘“‘sour’’ while 
you're processing, you lose still more 
time and money. 


psp is the simple answer 
Trichlor is trichlor the world over; 
it’s the stabilizer in your trichlor that 


can make the difference. 

The difference in Nialk® stabilizer 
is psp 

Nialk stabilizer is neutral. It cannot 
react with acids to form corrosive 
salts. Still it “accepts” acids and ren- 
ders them completely harmless. The 
Nialk stabilizer will not stain or dis- 
color your parts or allow your bath 
to become “sour.” 

You never add fresh stabilizer to a 
Nialk bath. The stabilizer stays potent 
no matter how long you use it. It’s 


permanent staying power. 


HOOKER ELECTROCHEMICAL COMPANY 
406 Union Street, Niagara Falls, N. Y. 


Nialk psp keeps this bath clean 
longer; processor gets more 
clean parts per dollar invested. 


insoluble in water so you don’t lose it 
during steam distillation or in the wa- 
ter separator of your degreaser. 

Nialk frees your bath of those deg- 
radation products which settle on coils 
and cut down heat transfer. Clean- 
outs are widely spaced and quickly 
finished. 

If your profit picture could use a 
little brightening, you’ll want to know 
more about the whole subject of tri- 
chlor stabilizers. Send for our Bulletin 
70 for the complete story. 


DUREZ® PLASTICS DIVISION + NORTH TONAWANDA WY 
NIALK® CHEMICALS FALLS. 
OLDBURY® CHEMICALS + WIAGARA FALLS. 


Sales Offices: Chicago, IIl.; Los Angeles, Calif.; New York, N. Y.; Niagara Falls, N. Y.; Philadelphia, Pa.; 
Tacoma, Wash.; Worcester, Mass. In Canada: Hooker Chemicals Limited, North Vancouver, B. C. 
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LEX. BELT 
by ASHWORTH 


Let your production move around corners on the new, low cost Omniflex belt. 
Short turning radius e light weight e easily installed e low maintenance factor 


Illustrated literature available, specify catalog M12. 


Atlanta Baltimore Boston Buffalo « Charlotte, N.C. Chicago « Cleve- 
land e Dallas Detroit Fall River, Mass. Greenville, S.C. Louisville 
New York « Philadelphia « Pittsburgh « Rochester « St. Louis « St. Pau! 
San Francisco « Tampa « Canadian Rep., Peckover's Ltd., Toronto « Montreal 


HIGH TEMPERATURE (Ceramic 
PROTECTION TUBES ' 
Large or Small 


Designed for Your 


INSTRUMENTS... 


@ Need protection tubes in 
your instruments? McDanel 
Ceramic Protection Tubes, 
glazed or unglazed are guaran- 
teed for dependable service in 
temperatures up to 2900° F. 


@ McDanel Protection Tubes are gas 
They have good thermal shock tight. Precision manufacturing control 


assures a quality product capable of lon 
dependable performance. We make stan 
ard and special sizes! Send us your 
specifications. 


qualities and a low co-efficient 
of expansion. 


Send for 
Bulletin PI-55 
‘ cE REFRACTORY PORCELAIN COMPANY 
BEAVER FALLS PEWNMSYLVANIA 


Radioactive Gases Used 
as Luminous Light Sources 


Digest of “Commercial Mark- 
ers Using Radioactive Gases”, 
a summary of a talk by C. W. 
Wallhausen, presented at the 5th 
Annual Conference on Atomic 
Energy in Industry of the Na- 
tional Industrial Conference 
Board, Philadelphia, March 14- 
15, 1957. 


RIGHT LUMINOUS light sources for 
use in signal lights, airport 
boundary markers, street markers, 
and airplane instrument panels have 
recently been made of calcined zinc 
sulfide phosphors excited by beta- 
emitting isotopes, such as strontium- 
90, thallium-204, promethium-147, 
and carbon-14, obtained from 
atomic-energy reactors. These iso- 
os with half-lives ranging from 
2.7 to 5000 years, are less costly and 
longer- lasting than the radium, meso- 
thorium or polonium previously used 
for excitation. Moreover, they do not 
generally cause degradation of the 
phosphor, are more readily shielded 
to prevent the emission of penetrat- 
ing primary radiation, and provide 
markers many times brighter. 

A greater improvement in bright- 
ness can be attained with low tox- 
icity by using certain beta-emitting 
gaseous isotopes for excitation of the 
phosphor. A gaseous isotope of this 
nature is safer to use than a solid 
one because if its container were 
broken the radiation-emitting sub- 
stance would then be harmlessly dif- 
fused in the atmosphere. Kryp- 
ton-85 and hydrogen-3 or tritium 
are gaseous isotopes that emit useful 
beta rays. The former emits a ray 
of higher energy, but requires shield- 
ing for gamma radiation. Both have 
half-lives of over ten years, and are 
available in high concentrations of 
energy. Large quantities of active 
material can be introduced with 
them into small volumes without 
danger of internal absorption of the 
radiation. Greater flexibility in de- 
sign and simplicity in fabrication are 
attained with these activators. 

A luminous marker using a radio- 
active gas activator is generally con- 
structed as a sealed glass cell, al- 
though metal cells having sealed 
glass windows can also be used. 
The dry powdered phosphor can 
either be merely placed in the cell 
with the gas before sealing, or it 
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ing with basic facts about alloy steels. Though much of the 
information is elementary, we believe it will be of interest to 
many in this field, including men of broad experience who 
may find it useful to review fundamentals from time to time. 
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Cold-Finishing of Alloy Steels: 
The Effect of Cold-Drawing 


The cold-drawing of alloy bars was 
discussed in the advertisement prior 
to this one, No. XXVI in the series. 
Here, we continue with a general 
explanation of the effect of cold- 
drawing. 

During the cold-drawing process, 
certain changes take place in the 
steel structure, and in mechanical 
properties. There is a slight increase 
in tensile strength, compared with 
a substantial increase in yield point, 
and a decrease in ductility. These 
properties enable the production of 
small parts which require the greater 
strength necessary for certain auto- 
matic-machine forming operations, 
and a machine finish superior to 
hot-rolled material. Naturally, the 
beneficial effects of alloy steels are 
attained in the subsequent heat- 
treatment of parts. 

The process of cold-drawing re- 
sults in bars which are free from 
scale, accurate to shape, and within 
close tolerances. These conditions 
are ideal for automatic machining, 
as the elimination of scale is con- 
ducive to long tool life, and the 
accuracy of shape and close toler- 
ances permit the bars to pass freely 
through the feed mechanism of the 
Moreover, the cold- 
drawn finish and tolerances may be 
such that machining can be elimi- 
nated in some areas of the finished 
part. For example, sparkplug shells 
are produced from hexagon bars 
which require no machining on the 
hexagon sections. 

Continuous roller hearths and car- 
bottom furnaces of both standard 
and controlled-atmosphere types, 
are used for special treatment of al- 
loy bars before cold-drawing. Ther- 

mal stress-relieving can be used to 


reduce residual stresses in the steel 
caused by the cold-drawing process, 
wherein the mechanical properties 
will be altered depending upon the 
temperature used. 

If you would like more specific 
details about the chemical compo- 
sition or mechanical properties of 
cold-drawn alloy bars, and the re- 
sults that can be expected, by all 
means consult our technical staff. 
Bethlehem metallurgists will gladly 
help you work out any problem, 
without cost or obligation on your 
part. 

In the next advertisement, No. 
XXVIII in this series, the second 
category in cold-finishing will be 
discussed, i. e., the turning and 
grinding of alloy steel bars. 

Remember that Bethlehem pro- 
duces a wide and complete range 
of cold-drawn alloy steel bars in 
rounds, hexagons, squares, or flats, 
in standard, odd, decimal or metric 
sizes required, as well as special 
sections. Bethlehem also makes the 
full range of AISI standard alloy 
steels, and special-analysis steels 
and all carbon grades. 


If you would like reprints of this series of adver- 
tisements from No. I to No. XX VII, please 
write to us, addressing your request to Publica- 
tions Department, Bethlehem Steel Company, 
Bethlehem, Pa. The first 27 subjects in the series 
are now available in a handy 40-page booklet, 
and we shall be glad to send you a free copy. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 

On the Pacific Coast Bethlehem products 

are sold by Bethlehem Pacific Coast BE EM 

Steel Corporation. Export Distributor 

Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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Best for 
QUALITY CONTROL 
and 


RESEARCH 
ANALYSIS 


Highest dispersion 
and resolution 
of any 
spectrograph! 


3.4 METER CONVERTIBLE 
SPECTROGRAPH 


The JAco Ebert offers highest resolu- 
tion and dispersion, assures unsurpassed 
precision and sensitivity for analyses of 
ordinary materials as well as super- 
alloys, rare earths and transuranic ma- 
terials. Only the JAco Ebert embodies 
every desired feature for fast, reliable 


Flexible: High for ri 

resolution for checking line interfer- 
ence, line shape, self-reversal; for 
isotopic analyses. 


Simple: by non-tech- 
nical personne 


results plus simplicity of operation never Stigmetie: cre eliabil 
before attained in so versatile a spec- satilit 
trograph. Normal peak analytical limits edjustments.” 

are easily extended through use of op- Wide ¢ : With 20” camera, 


overage 

dogte exposure records — at high dis- 
persion — the most sensitive lines of 
all metallic elements (except alkalies). 


tional Order Sorte: 


Learn more consi the JAco Ebert — 
write today for free 8-page catalog. 


Jarrell-Ash Company 


22 Farwell Street, Newtonville, Massachusetts 


San Mateo, Calif. Tinley Park, lil. N k, 
Dallas, Texas Pittsburgh, Penna. 


PSC’s All-Sheet Construction 
Adds to Furnace Tube Life 


Experience of users shows much lower frequency of burn-out, with = 


tube life extended up to 100%. In PSC tubes, precision-welded 
bends are of same metal and thickness as the 
legs. The continuously smooth walls result 
in uniform flow of gas, and reduce the car- 
bon build-up and bend burn-out, which com- 
monly result from the rough interiors of 
cast alloy bends. Lighter than cast by 33 
to 50%, PSC radiant tubes cost less in- 
itially. Any size, shape or alloy. 


Send for Heat-Theat Catalog 
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Radioactive Gases .. . 


can be applied as a thin coating on 
the inner surface of the cell. Re- 
flectors can be arranged te improve 
the efficiency of the output of light. 
Compactness can be achieved if 
necessary by absorbing the tritium 
activator on a metallic foil, which is 
coated with a thin layer of phosphor 
and laminated between thin sheets 
of plastic for protection. 

Light sources activated by kryp- 
ton-85 or tritium have been prepared 
in all colors from blue through a 
deep orange-red. Greater surface 
brightness has been attained with 
yellow or green colors than with 
orange-red, though visibility of the 
latter compared favorably with that 
of the colors having higher bright- 
ness values. 

Grorce F. Comstock 


Infiltration of Sintered 
Iron Compacts 


Digest of ‘‘High-Strength 
Powdered Metal Parts’, by Rob- 
ert L. Pettibone, Haton Engi- 
neering Forum, Vol. 18, No. 2, 
June 1957, p. 2-7. 


HREE TYPES of sintering treat- 

ments are used in powdered 
metal fabrication. In the first and 
most common, the metal or alloy 
remains entirely in the solid state 
during the heat treatment. In the 
second, a liquid metal or alloy phase 
is present during the entire sintering 
cycle, and compacts are _hetero- 
geneous after sintering between the 
liquidus and solidus of the alloy 
system. The best known example of 
this method is cemented carbide, 
used for cutting tools and dies. 

The third variation applies to 
alloys in which the liquid metal or 
alloy phase is formed during the 
actual sintering process, but dis- 
appears by diffusion and formation 
of a solid solution before the cycle 
is completed. Alloys are homogene- 
ous following sintering. They in- 
clude bronze bearings and commu- 
tator rings. 

Greatest gains in physical proper- 
ties are possible in the second varia- 
tion which includes infiltration. In 
production of cemented carbides, 
sintering with a liquid phase re- 
sults in a size change of 40 to 50%, 
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Climax Develops an Extremely Tough, 


Abrasion-resistant Chrome-Moly White [ron 


New Alloy Proves Superior 
in Erosive Applications 


A new martensitic white iron has 
proved exceptionally tough and resist- 
ant to abrasion. It’s called Alloy 42. Its 
excellent combination of properties are 
related to its structure — which consists 
of hard chrome-moly carbides favorably 
distributed in a matrix of martensite 
plus retained austenite. 

Tests indicate Alloy 42 is especially 
economical for parts subject to erosive 
wear: sand pumps, flotation impellers, 
sand classifier wear shoes, pug mill 
blades, brick mold liners and chute liners. 

For example, heat-treated Alloy 42 
impellers in a 5” sand pump handling 
coarsely ground taconite ore have 
already lasted over 1,000 hours. Pre- 
vious impellers made of a 4.5% Ni, 1.5% 


Cr type of martensitic iron lasted only 
350 to 400 hours. 

Because of its toughness, Alloy 42 can 
also be used where moderate impacts 
would cause low alloy types of white 
iron to break or spall. And it may prove 
more economical than the soft rubber 
parts or linings now used in various 
abrasive applications. Its resistance to 
tearing by tramp coarse materials and 
chemical attacks by oils and other organic 
compounds is an obvious advantage. 

The recommended composition range 
is: Carbon 3.00-3.50% ; Silicon 0.30-0.60; 
Manganese 0.60-0.90; Chromium 15.0- 
18.0; Molybdenum 2.75-3.25. 

A Climax bulletin on Alloy 42 dis- 
cusses melting and casting, molds and 
shrinkage, heat treatment, structure, 
physical properties, machinability, weld- 
ing and cutting. For a free copy, circle 
#1 on the coupon. 


Heat Treating Improves the 
Wear Resistance of Gray Iron 


Heat treating can improve many of 
the properties of gray iron, particularly 
resistance to wear. Wear resistance in 
quenched-and-tempered gray iron is 
many times greater than that of pearl- 
itic irons. With cams and similar parts, 
hot quenching provides better wear re- 
sistance than quenching and hardening 
to the same hardness. Surface hardening 
is frequently selected for gray iron be- 
cause it locally improves wear resistance 
with minimum distortion. 

Why Moly Iron Bulletin +6 contains 
valuable information on surface harden- 
ing, annealing and stress-relieving 
molybdenum-alloyed irons. This bulletin 
gives examples of improvements obtained 
by heat treating gears, cable drums, 
pump-ring castings, tappets, valve 
guides and machine tool ways. 


Flame hardening the teeth on a sprocket im- 
proves wear resistance with minimum distortion. 


For a free copy of “Why Moly Iron 
Bulletin +6,” circle =2 on the cowpon. 


Tempering Low-Alloy 
Creep-Resistant Steels 


A recent British paper discusses the 
roles of chromium, molybdenum and 
vanadium in low-alloy steels with high 
creep strength. The relation between 
creep properties, microstructure changes 
and carbide composition is given special 
attention. 

For a copy of “The Tempering of Low- 
alloy Creep-resistant Steels Containing 
Chromium, Molybdenum and Vanadium” 
by B. Smith and J. Nutting, circle #6. 


Moly Helps High Alloys 
Fight Corrosive Attacks 
Highly alloyed materials are playing 


a greater part in combating corrosion. 
A current paper on these alloys con- 
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siders the molybdenum-bearing alloys at 
length and also discusses cobalt-base 
alloys and silicon-bearing alloys. 

For copies of this paper, “High Alloys 


| to Combat Corrosion” by E. D. Weisert, 


circle #7. 


Thermenol Shows Excellent 
Resistance to Heat, Corrosion 


Thermenol, an iron-aluminum-molyb- 
denum magnetic alloy, compares favor- 
ably with other high-temperature 
materials, and in some cases promises 
even better service. For unlike many 
alloys, it doesn’t lose tensile strength 
rapidly up to 1200 F. It also has excel- 
lent resistance to oxidizing and sulfur- 
bearing atmospheres at high tempera- 
tures. 

For a copy of “Iron-aluminum Mag- 
netic Alloy Has Excellent Heat Resist- 
ance,” circle #8. 
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Moly in Nickel-base 
Casting Alloys Improves 
High Temperature Service 


Molybdenum is helping at least two 
nickel-base alloys to work more effec- 
tively in high temperature applications. 
One of the alloys, with 5% Mo, combines 
good castability with very good creep 
strength at temperatures up to 1800 F 
(much better than that of moly-free 
alloys). The second, with 10% Mo, shows 
high resistance to thermal shock. 

For free copies of “Some Properties 
of Nickel-base Casting Alloys for High- 
temperature Service” by D. R. Wood and 
J. F. Gregg, circle #3. 


Cast Steels Studied 
at Low Temperatures 


The British Steel Castings Research 
Association has completed new studies 
on the effect of melting practice, com- 
position and treatment of steel castings. 
Five of the seven alloy steels investi- 
gated contained molybdenum. The bene- 
fits of using molybdenum in low alloy 
steel castings for low temperature serv- 
ice are clearly shown in comparisons of 
1.5% Mn and 1.5% Mn-Mo. 

For reprints of “The Low-temperature 
Impact Properties of Cast Steel” by W. J. 
Jackson and G. M. Michie, circle #4. 


New Data Available on 
Low Carbon Bainitic Steels 


Studies have been made on new steels 
based on boron-0.5% Mo. Tensile 
strengths up to 180,000 psi can now be 
obtained within the bainitic range with 
a wide range of cooling rates. Thus these 
low-carbon bainitic steels offer a good 
combination of mechanical properties as- 
rolled or as-air-cooled. These properties 


| can be obtained in large sections because 


hardenability is high. Good welding 
properties and tempering characteristics 
make the steels especially suitable as 
high-strength weldable steels, forgings, 
die blocks, etc. 

For copies of “Low-carbon Bainitic 
Steels” by K. J. Irvine and F. B. Pick- 


ering, circle #5. 


Climax Molybdenum, Dept. 5 
Division of American Metal Climax, Inc. 
500 Fifth Avenue, New York 36, N. Y. 


I'd like more information on: 
1 
Name 
Company 
Street 
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lron Compacts . . . 


ature. 
eventually requiring machining and 
grinding. Not so, however, with in- 
filtration where any volume changes 
are under calculated control. 
Basically, infiltration _includes 
compressing and sintering iron or 
iron-carbon powder compositions, 
then placing a pressed but not sin- 
tered copper compact in close con- 
tact with the iron “skeleton.” The 
two compacts pass through a con- 


paramount 


Heat Treatments and Properties of Infiltrated lron Powder Compacts 


trolled-atmosphere furnace at ap- 
proximately copper brazing temper- 


process. 


surface of the skeleton which is most 
difficult to remove; too little results 


In this step, the copper melts in “starve infiltration” which cuts 
and is drawn into the pores of the 
iron or steel compact by capillary 
action, thus bringing the infiltrated 
compact to full theoretical density. 

The infiltrant is a vital key to the at either 75 or 85%, can lead to 
success of the 
relatively unimportant, but close 
contact with the skeleton compact 
and exact caluculated weight are 
considerations. Too 
much copper leaves an excess on the 


down physical properties in trans- 
verse rupture, tensile, and impact. 

Small density variations in the 
skeleton compact, usually established 


under or overinfiltration. One cor- 
rective is the addition ot another 
element such as manganese to the 
infiltrant powder to supply material 
which will oxidize readily but will 
still retain its form and not infiltrate 
to the skeleton. Excess  infiltrant 
thus is retained. 


Purity is 


ALLOY 


Solubility of iron in copper (3 to 
5%) will cause some surface erosion 


Annealing temperature | 1500° F. 1500° F. 
slow cool slow cool 
Heat treat temperature 950 | 1550 


Draw tempera ture 


4 hr., slow cool | water quench 


Yield strength, psi. 35-40,000 85-90,000 
Ult. strength, psi. 60-65,000 115-125,000 
Elongation, % 20-25 7-10 
Reduction of area, % 20-25 7-10 
Rockwell B hardness 70-75 95-100 


75-25, Fe-Cu | 75-25, Fe-Cu | 84-15-1, Fe-Cu-C 


| 


water quench 


115-125,000 
160-180,000 


at the spot where copper enters into 
the iron skeleton. This can be 


1500° F. avoided by incorporating a small 
slow cool amount of iron powder in the infil- 
1500 


trant, or by providing a gate or riset 
on the skeleton at the point of con- 
This projection later can be 
sawed or machined off readily. 
The primary factor influencing 


1050 
he. act. 


4-6 physical properties of these compacts 
4-6 is failure to achieve complete infil- 
110-115 trated density. During the actual 


Fast, efficient high temperature ‘% 
heating...HARROP Electric Furnaces _ 


Model 
NMR-20, 

setting space 
20” x36"x20”" 


When you're judging the value of an Electric Furnace, think in 
terms of (1) its flexibility in use, its controls, (2) its accuracy in 
firing, (3) its sturdy, long-lasting construction. When you compare 
Non-Metallic Resistor furnaces you'll find the Harrop NMR Series: 


Flexible. Whatever type of control you require is available. Man- 
ual operation, automatic temperature control, repetitive heating to 
any preselected temperature (with or without adjustable holding 
time), complete program control. All voltages adjustable from 55 to 
230 volts in 36 steps. Specially planned equipment and instrumenta- 
tion can be designed for your individual need. 

Accurate in Firing. Any temperature you require is held within 
negligible limits of variation, up to 2800° F. continuous operation 
and 3000° F. intermittent operation, 

Sturdy Construction. Full-yoke doors cannot sag or bend out of 
alignment. 3000° F. internal refractories stand up under hard usage. 
Housing of heavy steel construction with no projecting switches or 
other equipment. Heating elements lightly loaded for even heat dis- 
tribution and long life. 

Any NMR Series Harrop Furnace meets most rigid requirements 
according to the above specifications. Setting spaces range from 7” 
by 9” by 812” to 36” by 40” by 36”. Special designs can be developed 
to meet your need . . . for non-obligating recommendations, send 
information on materials, temperature range, heat control and firing 
objectives to Dr. Robert A. Schoenlaub, Technical Advisor. HARROP 
ELECTRIC FURNACE DIVISION of Harrop Ceramic Service Co., 
Dept.M, 3470 East Fifth Ave., Columbus 19, Ohio. 
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OR SPECIFY 
CONTROLS 
MERCOID 
CONTROLS 


EOR INDOOR, OUTDOOR 
OR HAZARDOUS LOCATIONS 


Controls for— 


MECHANICAL MOVEMENT 
LEVER ARM AND 


PRESSURE 
TWO-STAGE PRESSURE 
DIFFERENTIAL PRESSURE FLOAT OPERATED 
TEMPERATURE LIQUID LEVEL 
TWO-STAGE TEMPERATURE TRANSFORMER-RELAYS 


THE MERCOID CORPORATION 


4201 Belmont Ave., Chicago 41, Ill. 
New York: 205 E. 42nd S1.- Philadelphia: 3137 N. Broad St. 
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How Armco 
ALUMINIZED STEEL 
Helps 
Electrical Resistors 
Fight Heat 


These high-temperature electrical resistors get hot. So every resistor 
part must resist heat. That's why Armco ALuminizeo Steet replaced alu- 
minum-painted carbon steel for coil supports 


A leading manufacturer of electrical resistors for 
mine locomotives and mill cranes formerly made coil 
supports from carbon steel protected with aluminum 
paint. At high temperatures the paint flaked off, 
causing resistors to fail. 

But such premature failures ended when the 
manufacturer switched to Armco ALUMINIZED STEEL 
for coil supports. The reason is the hot-dip coating 
of aluminum on ALUMINIZED STEEL. It alloys with 
the steel base... forms a refractory layer that doesn’t 
flake off at temperatures up to 1250 F. 

If heat, or a combination of heat and corrosion, 
cuts service life of your products, Armco ALUMINIZED 
Sree. Type 1 offers you this same positive protec- 
tion. Just fill in and mail the coupon or contact your 


nearest Armco Sales Office for full information. ARMCO STEEL CORPORATION 


1508 Curtis Street, Middletown, Ohio 


PLEASE SEND complete information about Armco ALUMINIZED STEEL 

Other Armco Steels for top-quality products include oinie 
ALUMINIZED STEEL Type 2, Stainless Steels, Zinccrip®, 


ZinceoriP PaintcriP®, Cold-Rolled Paintcrip, Enamel- 


STREET. 
ing Iron, Electrical Steels, Steel Tubing, Long Ternes, 


and high-quality Hot- and Cold-Rolled Sheets. 


ARMCO STEEL 


ARMCO STEEL CORPORATION + 1508 CURTIS STREET, MIDDLETOWN, OHIO 
SHEFFIELD DIVISION + ARMCO DRAINAGE & METAL PRODUCTS, INC. + THE ARMCO INTERNATIONAL CORPORATION 
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The Clark Hardness Tester 
is precision built to give 
precision results. 

ousands of Clarks, with 
years of service all over the 
world, attest to this. 

The surprisingly low price 
includes the precision Clark 
Diamond Cone Penetrator, 
as well as Steel Ball Pene- 
trators, a wide assortment of 
Anvils, Test Blocks, and 
other accessories. Available 
in two models, for Standard 
and Superficial “Rockwell” 
hardness testing, each with 
choice of 4”, 8”, 12”, or 
16” work capacity. 

Before you invest in any 
hardness tester, get the facts 
about the low price, speedy 
delivery, and guaranteed accu- 


racy of the Clark. Write today. 


CLARK INSTRUMENT, INC. 


DEARBO! 


THE MOST FOR YOUR 
“ROCKWELL TESTING” 
DOLLAR! 


CLARK 
HARDNESS TESTER 


10202 FORD ROAD 
RN, MICH., U.S.A. 


ZAK Manufactures 

More Vacuum Arc 
Research Furnaces 
As Demand For 


Vacuum Alloys 


Zak Machine Works, Inc., pioneers in the manufacture of 
vacuum arc furnaces offer, through experience, workmanship of 
the highest grade coupled with exacting production controls. 
This assures you of research facilities of the highest quality. 


ZAK is the only engineering manufacturer to plant test for 
pump down and leak rate measured in microns and insure a 


certification of the test. 


ZAK Machine Works, Inc., are engineering manufacturers of 


Special Vacuum Applications for Melting, Annealing and 
Processing. 


AK MACHINE WORKS INC. 


TROY (GREEN ISLAND) N. Y. 
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infiltration cycle, a size change will 
occur in the part from the original 
skeleton size. Small amounts of 
carbon added to the skeleton mate- 
rial will control this change elfective- 
ly, even to zero limits. Where tol- 
erances less than + 0.002 in. are 
specified, coining after infiltration is 
recommended, preceded, 
by annealing to 
press tonnages. 
Results of physical tests on “as- 
infiltrated” compacts indicate that 
the cooling rate from the infiltration 
temperature controls the properties. 
To contro] erratic values, the heat 
treatments in the table on p. 206 are 
prescribed. The properties of 75- 
25, Fe-Cu material are altered sub- 
stantially when heat treatment is 
changed from 950° F.for 4 hr. and 
slow cool, to 1550°F. and water 
quench. With the application of 
this “substitute” heat treatment, full 
range of properties can be obtained. 
Artuur H. ALLEN 


however, 


reduce required 


High-Temperature 
Stress-Corrosion 
of Titanium Alloys 


Digest of “Progress Report 
on the Salt Corrosion of Tita- 
nium Alloys at Elevated Tem- 
perature and Stress”, TML Re- 
port No. 88, Battelle Memorial 
Institute, Nov. 20, 1957, 41 p. 


OST APPLICATIONS of titanium 
and its alloys have been based 
upon the elevated-temperature prop- 
erties of these materials. Their 
stress-stability has therefore been of 
critical importance, and the alloys 
have generally been placed in service 
only after annealing to achieve the 
most stable structure possible. 

More recently certain alloys have 
been heat treated to achieve higher 
strengths, and tests have demon- 
strated adequate high-temperature 
service life. 

Occasional stress-rupture tests 
have indicated early failure by inter- 
granular cracking. Attempts to dup- 
licate these failures were unsuccess- 
ful until it was observed that an 
unusual oxide in the crack zone had 
formed. This was subsequently 
traced to salt corrosion cracking, the 
salt having originated from finger- 
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NATIONAL ENGINEERING 
SERVICE on 


Heat and Corrosion 
Resistant Castings 
and Fabrications 


General Alloys Company products 


ing service offering unexcelled me- 
chanical and metallurgical Heat and 
Corrosion Resistant Alloys for all 


Defense and Industrial applications. 


"There is no substitute 
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for Experience’’ 


405 WEST FIRST STREET 


GENERAL ALLOYS BRANCH OFFICES AND REPRESENTATIVES 


Emil Gathm Jr. 
North Charles Stree 
BUFFALO, New York 
General Alloys Company 


P.0. Box 2395 
Buffalo 23, N.Y 


BIRMINGHAM, Alabama 


Ane 15, Ohi 
ew ve 


DENVER, Colorado 
T C. Jar 
95 S. Ammons St. 


LPHIA 20, Pa. 


A 
Bernard 1. Conwa 
P.O. Box 2714 


DETROIT 2, Michigan 
General Altoys Compan 


u ns 
7 General Motors Bids 


FORT WAYNE &, Indiana 
The George 0. Desautets Co 
Box | 1176 


2906 Broadway 


HOUSTON 3, Texas 
Brice Co. 


ROCKFORD, Illinois 
Benjamin F. Otiman 
117 Wyman 


LOS ANGELES, Calif. 
Nation 


LOUISVILLE 7, Kentuck 
The 0. Desautels Ceo. 
4003 Hyeliffe Avenue 


MUNCIE, Indiana 


P.O. Box 776 
405 Wysor Bids. 


NEW ENGLAND 
David L. Ellis 
Hayward Mill Road 
West Concord, Mass 


NEW YORK 7, New York 
General Alloys Co. 
Alfred M. Sampter 

ureh Street 


GENERAL ALLOYS CO. 


BOSTON, MASS. 


“OLDEST AND LARGEST EXCLUSIVE MFRS. OF 
HEAT & CORROSION RESISTANT CASTINGS” 


The George 0. Desautels Co. 


Ne 
| 
| 
Harry G. Mowat Co. 
544 American Life Bidg 
CHICAGO, Iilinois 
General Company 
Edward T. Connolly 
224 S. Michigan Ave 
303 Bastrop St. 
PITTSBURGH 15, Pa. 
Vincent C. Leatherby 
104 Fourth St. 
Sharpsburg, Pa. 
Sales & Service, ine. 
4827 Patata Street, 
Bell, California 
INDIANAPOLIS 8, In A 
2302 N. Meridian Street 
Box 7011 
ST. LOUIS 16, Missouri 
Assovlated Steet Mills, tne. 
P.0. Box 4235 
Tower Grove Station 
MEMPHIS, Tenn. 
Mid-South Metal Treating Co. : 
F. G. Donoftrice 
684 Scott St. 


=> MORE HEAT TREATING VOLUME 
with BASIC "BUZZER PACKAGE" 


NO BLOWER OR OTHER POWER NEEDED 
... just connect to gas supply 


Gas 


AUTOMATIC 
TEMPERATURE 
COMTROL 


ATMOSPHERIC 
POT FURNACE 


modern gas-fired heat treating and melting 

units give you the most dependabi i and 

productive system for turning ovt aeatiee jobs at low TEMPERING 
productions costs. When power is off —‘‘BUZZER’’ stays 
on the job! Standard and special furnaces, large or 
small, available to equip your shop to exact requirements. 


COMPLETE LINE OF BUZZER BURNERS FOR CLEANING, 


U.S. PAT 


_— PICKLING AND SUNDRY HEAT OPERATIONS 


C3 WRITE TODAY FOR NEW “BUZZER” CATALOG 
CHARLES A. HONES, INC. 


123 S. GRAND AVENUE, BALDWIN, L.!., N.Y. © BAldwin 3-1110 
HEAT TREATING EQUIPMENT SPECIALISTS SINCE 1911 


N O economical, guaranteed 


Completely AUTOMATIC PROCESS CONTROL 


TIME-TEMPERATURE CYCLE 


through off-on or proportioning, high limit or stepless 
control action with secondary switching provisions! 


G Model JG Series 
Versatile, Indicating, Pyrometric 


PROGRAM CONTROLLERS 


@ Maintains extremely accurate time- may be used for different time- 
temperature relation through broad temperature programs. 


range. @ Works with choice of 4 types of 
@ Automatically repeats identical cycle basic control. 


for thousands of operations. By @Requires no warm-up, tuning; less 
replacing cam the same instruments maintenance. 


Write for Model JG Series and Data on our complete line. 
4357 W. MONTROSE AVENUE, CHICAGO 41, ILLINOIS 


Visit us in Booth 426 Ww E S nastrurnente 


4th International Automati iti CORPORATION 
June 9-13, 1958, New York 
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Titanium... 


prints in the specimen test zone. 
Extensive tests were subsequently 
made to determine the susceptibility 
of titanium and its alloys to elevated- 
temperature stress-corrosion crack- 
ing, and the results are presented in 
the present report. 

The authors conclude that titan- 
ium alloys are subject to stress- 
corrosion cracking when in intimate 
contact with sodium chloride at 
temperatures above 500° F., and that 
certain oxides accelerate the attack. 
The data correlate well, and indicate 
threshhold combinations of | stress 
and temperature below which the 
failure does not occur. 

Possible preventive measures were 
evaluated, including cladding, shot- 
blasting, anodizing and combinations 
of these treatments. Among the most 
promising are glass-bead blasting, 
followed by sulphuric acid ano- 
dizing. 

Titanium jet engine ring compon- 
ents were tested under operating 
conditions with salt coatings applied. 
Failure within 2 hr. was observed 
under certain conditions, indicative 
of the criticality of salt content in the 
operating medium. Various tests 
led to the following conclusions: 

1. Alloy titanium components in 
]-57 and J-75 engines in service 
operate at safe temperatures and 
stress levels. 

2. Severity of cracking is related 
to the amount of salt present. 

3. Susceptibility to  stress-corro- 
sion attack decreases with increasing 
air velocity. 

4. The combination  glass-bead 
blasting and anodizing affords pro- 
tection for higher temperature and 
stress levels in moving air. 


James L. Wyatr 


Elements Of Hardenability 


The author brings practicul ex- 
perience and sound judgment to 
bear upon a modern concept of 
the quantitative aspects of hard- 
enability. Well illustrated with 
graphs and charts. M. A. Gross- 
mann - 164 pages - 6x9 — illus- 
trated - red cloth - $4.50. Clip 
and send to ASM Technical and | 
Engineering Book Information 
Service, 7301 Euclid Avenue, 
Cleveland 3, Ohio. 


METAL PROGRESS 


a 
| 
5 
oe 
Ty 
i oven 
PURNACE 
bay 
a 
| 
q 


TALS 


Protective 


Cracking eliminated cause 


Crack-free Chromium 
beats corrosion, wear, 
thermal shock 


These typical applications show 

how users are taking advantage of 

the unique properties of these chro- 

mium deposits: 

®In hydraulic power steering for 
autos, Industrial Crack-Free 
Chromium on shafts protects 
against corrosion and wear, pre- 
vents the leakage past seals which 
occurred with ordinary chromium. 


@On rocket engine parts, Industrial 
Crack-Free Chromium overcomes 
cracking and corrosion at high 
temperatures, resists gas erosion 
that had worn away best steels 
and other electrodeposits, 


@Most major manufacturers of 
washing machines now specify In- 
dustrial Crack-Free Chromium on 
steel drive shafts. It improves cor- 
rosion resistance, reduces wear. 


Service life of cutting and drilling 
tools increased 300 to 400% when 
company switched to Industrial 
Crack-Free Chromium from or- 
dinary chromium process. 


@With Bright Crack-Free Chromi- 
um, a leading automotive pro- 
ducer has substantially increased 
corrosion resistance of plated steel 
and die cast parts, especially those 
frequently exposed to salt air and 
snow-melting chemicals. 


METAL & THERMIT 


CORPORATION 


General Offices: Rahway, New Jersey 
Pittsburgh + Atlanta * Detroit 
East Chicago * Los Angeles 
in Canada: Metal & Thermit—United Chromium 
of Canada, Limited, Rexdale, Ont. 
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chromium failure 


It is well known that ordinary chro- 
mium plate suffers from a network of 
fine cracks . . . an open invitation for 
corrosives to reach and corrode the 
basis metal. Now proved too, is the 
fact that Unichrome Crack-Free 
Chromium can overcome this short- 
coming of ordinary chromium. De- 
posits stay sound ‘as thickness builds 
up. The process delivers unimpaired 
all the inherent corrosion resistance 
of chromium metal. 


FUNCTIONAL, MATTE DEPOSITS 


For engineering applications, Indus- 
trial Crack-Free Chromium gives a 
matte finish. It can be used decora- 
tively, too, either “as plated,” or after 
a wheel operation to produce a satin, 
bright or combination finish. This 
ductile chromium is solving many 
corrosion and wear problems on 
such varied items as hydraulic rams, 
power steering shafts, washing ma- 


ABOVE. After accelerzted acetic acid salt spray 
72 hours: Top — Bright Crack-Free Chromium, 
75 millionths of inch; Bottom — Ordinary Chro- 
mium, 20 millionths of inch; both over .001” 
nickel and .0005” copper on steel. 


LEFT. Stee! shaft on right, with 0.0005 inch of 
ordinary chromium, showed rust over entire 
surface after 100-hour salt spray test. Shaft 
at left, with 0.0005 inch of Crack-Free Chro- 
mium, was virtually unaffected in same test. 


chine and typewriter parts, high 
temperature molds, rocket engine 
parts. In one application, .0009” of 
Crack-Free Chromium stopped me- 
tallic corrosion as well as leakage of 
aqueous hydraulic fluid, where .003 
to .005” of ordinary chromium failed. 


A BETTER BRIGHT PLATE 


Unichrome Crack-Free Chromium 
can also be deposited bright directly, 
with no need for buffing. Unlike or- 
dinary chromium, Bright Crack-Free 
Chromium reinforces the corrosion 
resistance of the undercoats. Tested 
under extremely severe exposures, it 
has demonstrated that a major im- 
provement in durable decorative 
chromium plating is now possible. 

Crack-Free Chromium baths are of 
the self-regulating type. They sim- 
plify control problems, and maintain 
key chemical ingredients in optimum 
balance for highest quality plating. 
Send for Bulletins. 
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Famous Heroult Furnace redesigned... 


help you keep down the cost 


. \ Would you like to have an enlarged copy of this detail 
se : \ \ drawing? We'll be glad to send you one without obliga- 


tion if you will send in the coupon on opposite page. as 


We welcome an opportunity to help you select and install the Heroult 
: Furnace best suited to your requirements. Remember—the Heroult we make 
att and install for you will be the finest electric melting furnace that money can buy! 


To 
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electric furnace steel 


Re HELP YOU PRODUCE better quality steel faster and more economically, we have 
made important design improvements in the long-famous Heroult Electric Melting 
Furnace. Five of the features shown in the cutaway drawing at the left and described 
below are to be found only in the new Heroult. All ten of the illustrated features are 
important to those interested in the most modern melting equipment. Any way you 
look at it—performance efficiency, operating economy, or low-cost maintenance—this 
new Heroult is unquestionably the finest electric melting furnace on the market. 


1. The Heroult Furnace is the only 100% 
mechanically operated electric furnace. 


It includes such mechanical features as: 
(A) heavy rack-and-pinion-type tilt- 
ing mechanism, (B) mechanical roof 
lift, (C) motor-driven, rotating, jib-type 
roof swing, (D) winch-operated, water- 
cooled, jib-type door-lifting mechanism, 
and (E) high-speed, electro-mechanical 
electrode-positioning mechanism. 


2. Another exclusive — pe shell 
construction with shell plates loosely 
attached (F) to a heavy supporting 
structure. 


This construction minimizes shell warp- 
ing and allows easy replacement of dam- 
aged shell plates. 


3. Exclusive — Operating mechanism inde- 
pendently supported. 


The tilting ae a on which all op- 
erating mechanisms are supported is 
attached directly to the rockers inde- 
pendent of the shell structure (G). Thus 
operating mechanisms are unaffected by 
any shell distortion. 


4. Exclusive—Flat Bottom Shell. 


This feature (H) facilitates easy shell 
relining and provides maximum protec- 
tion against burnouts. Thicker refrac- 
tory at the sides of the hearth promotes 
more uniform bath temperature. 


American Bridge 
Division of 


ELECTRIC 


MELTING FURNACES 


5. Exclusive — Water-cooled, Skew Back 
Roof Ring. 


This feature (I) eliminates the need for 
special skew-shaped roof refractories. 


6. Electrode Mast Safety Device. 


This spring-loaded, rack-and-pawl-type 
device (J) provides positive protection 
against damage resulting from electrode 
winch cable breakage. 


7. Square-Section, Water-Cooled Electrode 
Mast Arms. 


This design (K) guarantees a rigid con- 
nection between mast and mast arm, thus 
helping to maintain proper electrode 
position. 


8. Remote-Controlied Electrode Clamps. 


This device, of the spring-clamp, air- 
release type, is located inside of the rear 
section of the water-cooled mast arm 
where heat cannot affect it. 


9. Square-Sectioned Electrode Mast. 


This design feature (L), developed by 
American Bridge, assures proper guiding 
and electrode positioning. 


10. Rockers. 


The heavy fabricated steel curved top 
and bottom rockers (M) minimize for- 
ward travel during tilting. These rockers 
are so designed that the furnace will tend 
to return to horizontal position from any 
degree of tilt. 


(iss) United States Steel 


Contracting Offices in New York, Philadeiphis, Chicago, San Francisce, end other principal cities. United States Steel Export Company, New York 


ELECTRIC FURNACES 


are available in: 


—sizes of shell diameter ranging 
from 7’ 0” up, and with capacities of 
from 6,000 lbs. up to 400,000 Ibs. and 
greater. They are equipped with roof- 
removing mechanism to permit fast 
top charging. They can readily be 
furnished with a non-magnetic shell 
bottom section to accommodate in- 
duction-stirring equipment. 
Gantry-type top-charge furnaces, 
door-charge furnaces, and special 
furnaces for duplexing and non- 
ferrous melting can also be supplied. 


Send pon for catalog and/or enlarged 


copy of detail drawing with special 


installation and engineering data. 


| Ame ican Bridge Division 
| 525 William Penn Place, Dep: MP-68 
| Pittsburgh 30, Pa. 


Please send me co copy of the lotest Herou!t Electric Furnace 
catalog ) and ‘or your new folder showing lor ge drawing 
with special installation and engineering doto 
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REPUBLIC COLD DRAWN CARBON BARS cre used in the 


local Republic office or mail coupon. 


CHATEAUGAY PIG IRON QUALITY IS PROVED time after time 
by the superior results achieved in producing giant mill 
rolls. One such roll is shown being finished to an extremely 
smooth surface. Other requirements include high strength, 
wear and heat resistance, and ease of machinability. 
Chateaugay, Republic's exclusive pig iron fills the bill per- 
fectly. For details on low phosphorus, copper-free Chateau- 
gay, mail coupon. 


A LATHE FINISH OF GROUND SURFACE QUALITY is reporied 
by Sealol Corporation, Providence, Rhode Island, in the produc- 
tion of mechanical shaft seals using Republic Free-Machining 
ENDURO® Stainless Steel Bars. In addition, ENDURO's excellent 
physical properties overcome shaft wear and attack by cor- 
rosive elements. Republic can furnish ENDURO in ca complete 
range of analyses, in the best form to meet your needs. 
Send coupon for data. 


S ontrotiea 


imensional “ HIGH QUALITY IRON POWDER PARTS cre easier to produce 

actor using Republic CDF Iron Powders. CDF means Controlled 

: Dimensional Factor in three types of powders—Type "G" for 
growth, Type "N” for normal (no dimensional change), and 
Type “S” for shrinkage after sintering. Send coupon for book- 
let ADV-763 containing full information on test evaluations, 
chemical composition, and physical properties of Republic 
CDF Iron Powders. 


manufacture of Shotgun Barrels by Harrington and ¥ 
Richardson, Inc. Mr. Arthur F. Hird, Chief Engineer, states a ‘ ‘ 
his reasons in a letter reproduced on the opposite page. *, ~ .* 

‘For information on how Republic Cold Finished Steel may a 
help solve your manufacturing problems, contact your 


4 } 
= 7 
YS 


MANUFACTrY 
Somos 1879 


MER ARMS MONTREAL U.S.A. 


January 
Republic Stee] Co = 


Tporation 
Republic Build 
Cleveland 15, Ohio 


Gentlemen: 


and provide 


less Powder ammunition, 


Harrington & Richardson, 
moderate Prices, 


REPUB 
STEEL 


Woldi Wideal Range 
of Standard. and 
Steel Produclt 


wo RCESTER 10 
MASSACHUSETTS 


are beset by material 
ts and excessive rejects 


» Stress relieved bars 


All of these characteristics combine to 
minimum effec 


PLeasane 7-634! 
CABLE ADoness HARRICH 


surface finish 
ressure, smoke- 


make or 


Problems causing high 


ing one and three- 


with a 


REPUBLIC STEEL CORPORATION 
EPT. MP-5382 
par REPUBLIC BUILDING + CLEVELAND 1, OHIO 
Please send more information on: ii 
Oo Cold Finished Steel Bars DC ENDURO Stainless 
io 
e 


Company 


Address. 


State 
City 


HARRINGTON & RICHARDSON, INc. 
< 
f Ever since Harrington & Richardson, Inc., manufacturers of all types of ; / 
‘ small arms, was organized in 1871, their Metallurgists and Engineers have been , A sili, 
¢ experimenting te find the most suitable material for the manufacture of Shotgun ~~ H 
Fj Barrels. The Steel required had to be of uniform structure and high quality with ? i 
| physical and dimensions? stability. It also had te be well suited for machining 
at higher feeds and speeds, effect longer tool life, Produce bette os 
4 
a a iy Manufacturers of Gun Barrels are all too familiar with the specific Problems ol yes Sa Pom 
involved, Operations such as Deep-Hole Drilling, Deep=Hole Reaming, Deep-Hole Bore. 
Burnishing, and Long-Length Turning Operations as affa ing polishing ca, = i 
break a process if 
om Republic Cold Drawn Carbon Bars are the answer to the proble the ; 
% past five years Harrington & Richardson, Ine. has been us —. 
sixteenth diameter, cold finished, magnetic tested ss 4 » 
maximum of success. 
_ Harrington & Richardson, Inc. has found that the uniformity of structure f 
eliminates hard Spots in machining the bugaboo of surface finish ~ and Produces 
— a barrel of uniform strength capable of withstanding great forces, ; 4 
a The quality of the steel is reflected in the surface finish achieved, ~ 7 
y ~‘ Republic Cold Drawn Carbon Bars are relatively free of Sub-surface defects and : 
tens incipient cracks appearing at the final turning and burnish "bore buttoning" Opera- ; 
tions. Its Physical and dimensiona) Stability reduces the nn... 
adjustments and straightening 
reduce rejects to an absolute Ghd material costs, 
: : Re Tporation can indeed be proud that this material enables 
‘ nes: to offer higher quality firearms to sportsmen at 
\ Very truly yours, ; 
ALL AGREEMENTS ane CONTINGENT UPON STRINES, ACCIDENTS AND OTwen OELAYS UNAVOIDABLE OF BEYOND OUR CONTROL. 
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High purity Tungsten and Molybdenum pellets 


Give new control over purity, composition, 
production and price in vacuum melting 


Tungsten as well as molybdenum is now available 
from Sylvania in pellet form. The constant purity and 
exact composition of the new pellets make it possible 
for vacuum melters to meet the most stringent alloy 
specifications, melt after melt. Minimum purity of the 
new tungsten pellets is 99.90% and typical purity 
is 99.94%, 


The new Sylvania tungsten pellets as well as the 
molybdenum pellets promote substantial savings in 
vacuum melting production time. There is no need to 
analyze every batch, and calculations for correct addi- 
tions of tungsten or molybdenum are simplified. In 
addition, the convenient size and shape of the pellets 
facilitate weighing and charging to the melt where they 
sink and mix quickly. 


The dependable supply and stable price of Sylvania 
tungsten and molybdenum pellets mean that vacuum 
melting production schedules can be realistically 


TUNGSTEN MOLYBDENUM 


CHEMICALS 


planned on a long-range basis. Alloy price structures 
can also be maintained without concern for fluctuating 
raw material costs. 


Contact Sylvania’s Chemical and Metallurgical! Divi- 
sion for further particulars on high-purity tungsten and 
molybdenum pellets. 


Typical Composition 
Chemical 

Composition 
Tungsten, % 
Molybdenum, % 
Iron, % 
Silicon Dioxide, % 
Nickel, % 
Aluminum, % 
Calcium, % 
Copper, % 
Magnesium, 
Monganese, 
Chromium, % 
Cobolt, % 


8.0 g/cc 
dx 


14.0 g/cc 
11/16" dx 3/8 h 


PHOSPHORS + SEMICONDUCTORS 


SYLVANIA ELecTrRIC Propucts INc. 
Chemical and Metallurgical Division 


SYLVANIA 


LIGHTING - 


Towanda, Penna. 


TELEVISION + RADIO + ELECTRONICS + PHOTOGRAPHY + ATOMIC ENERGY + CHEMISTRY-METALLURGY 
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: Both available frem Sylvania 
Molybdenum 
olybdenum 
Pellets 
| 99.85 
0.010 
0.020 
0.005 
0.005 
0.050 
0.005 
: 0.050 , 
0.005 
0.001 
<0.001 
Lead <0.001 
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During the past quarter-century of flourishing 
growth of industry in the West, one exposition 
pioneered and grew with this record-breaking 
western progress — the Western Metal Show. 

Continuing to keep pace with these great 
western industrial markets, the 11th. Western 
Metal Show will open next March 16 in Pan- 
Pacific Auditorium. Hundreds of the nation's 
leading firms will go west once again to present 
their metals, their equipment, their processes and 
their improved and new products. 

This great metals week of the West will not 


PAN-PACIFIC AUDITORIUM 
MARCH TS=20, 1959 


LOS ANGELES 


only present what's new and improved ... it 
will be a proving ground for scores of new 
developments presented in technical and practical 
engineering sessions sponsored by the American 
Society for Metals and 20 cooperating societies 
and associations. Thousands of metal men will 
have every reason to attend this outstanding event. 

Floor plans for this 11th western show are 
now available. Make certain you have your copy 
... that you select your exhibit space . . . that 
you make your plans to exhibit in the show 
that will mean business for you in the West. 


WESTERN METAL CONGRESS & EXPOSITION 


Owned and Operated by the 


AMERICAN SOCIETY FOR METALS 


7301 Euclid Avenue ° 


Cleveland 3, Ohio 
217 


a 
The Show That MEANS 
J 
| 
4 
hil. | 
Western Metal Shc 
4 
| | 


NEUTRAL 
HARDENING 


TEMPERING 


HIGH-SPEED 
HARDENING 


MARTEMPERING 


: ; Heat Treating an 


CORPORAT 
Springfield 1, Mass. 
er 701 North Sangamon Street, Chicago 22, Illinois 


34 Years of Service te the 
d Metzl Finishing Industry 


difference! 


99.7% 
Pure Al2O3 
Furnace & 
Protection 
Tubes 


Impervious 
Recrystallized Alumina 
for temperatures to 1950°C—3542°F 


Do you need an impervious tube with the follow- 
ing properties? 

High purity alumina 

High electrical resistivity 

High thermal conductivity 

Inert in hydrogen & carbonaceous atmospheres 
No binders added 

For temperatures to 1950°C—3542°F 


Investigate Morganite’s Triangle RR Impervious 
Recrystallized Alumina Ware available in— 


TUBES (Furnace & Pyrometer Protection Tubes) 
@ Open both ends or closed one end 
@ Sizes from 3/16” to 24%” inside diameter 
e@ Lengths up to 36 inches 


INSULATORS (For plat- CRUCIBLES(Thin-walled) 
inum, platinum-rhodium Wide selection of sizes 
thermocouples) in three styles. 


@ Single bore round e “A” shape 
@ Double bore round @ Conical shape 
@ Double bore oval @ Cylindrical shape 


Call or write for illustrated catalog today. 


INCORPORATED 


3300 48th Avenue, Long Island City 1, New York 
Telephone: STiliwell 4-3222 


Manufacturers of Fine Carbon Products inciudi 
Soeciaities. Motor and Generator Brushes, Current Collec 


Carbon 
etc. 
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“THE METAL 


AND OTHER IMPORTANT ASM METALS BOOKS 


an authoritative new asm book 
offering current and comprehen- 
sive information on molybdenum 


High strength at elevated temperatures and 
excellent thermal and electrical properties are 
among the reasons why molybase alloys hold 
great promise for the future. 


Molybdenum is now used in industries as di- 
verse as glass, electronics, machine tools, missiles 
and atomic energy. Alloys have been developed 
that retain useful strength up to 2000°F. Avail- 
able in a wide variety of forms (including plates, 
sheets, bars, wire, and tubing), molybdenum is 
readily machinable and can be fabricated by 
forging, rolling, drawing, and spinning. Satisfac- 
tory welding, brazing and riveting procedures 
have been developed. 
information this 


Authoritative exciting 


metal is contained in ASM's new book edited. 


from papers presented in a recent symposium 
sponsored by the Office of Naval Research and 
the American Society for Metals on the tech- 
nology of molybdenum and its alloys. The most 
comprehensive publication on the subject, its 
topics cover the potential of molybdenum, its 
properties, powder metallurgy, melting, working, 
fabricating, joining, coating and protection 
against oxidation. 


This big book contains 696 pages with 75 
tables, 206 charts and graphs, 257 drawings and 
photographs, a bibliography covering the last 56 
years, a bibliography index and a general index. 
Cloth bound, 6 x 9 inches, it is packed with help- 
ful, clearly written material, available to you at 
only $12.50 per copy. Make sure it's on your ref- 
erence shelves; send for it today! 


AMERICAN SOCIETY FOR METALS 


EFFECT OF RESIDUAL ELEMENTS ON 
THE PROPERTIES OF METALS 


The effect of residual elements on the properties of metals is the 
central theme of this volume, originally presented as an ASM educa- 
tional lecture at the 1956 National Metal Congress in Cleveland. E. R 
Parker, University of California discusses fundamental considerations 

such as structure—formation of second phase effects on soluble 
elements and second phases upon properties. F. N. Rhines, Carnegie 
Tech, presents a paper on the impurities in the common nonferrous 
metals—such as aluminum, magnesium, copper and nickel. The residu- 
al elements in steel is discussed by J. W. Halley, Inland Steel Company. 
W. G. Pfann, Bell Telephone Laboratories, presented a discussion on 
impurities in semiconductors, a lecture originally prepared by J. H. 
Scaff, also of Bell Telephone Laboratories. The newer metals—titanium, 
zirconium, molybdenum and chromium are metals covered in a discus- 
sion by D. J. McPherson, Armour Research Foundation, 1957. 


217 pages 6x9 illustrated red cloth 


$4.00 


FATIGUE 


A series of educational lectures on Fatigue presented to mem- 
bers of the ASM during the 85th National Metal Congress in 
Cleveland, October 19-23, 1953 


Basic Concepts of Fatigue Damage in Metals—By T. J. 
Dolan, Professor and Head, Department of Theoretical and 
Applied Mechanics, University of Illinois, Urbana, Ill. 

Fatigue Failure Under Resonant Vibration Conditions—By 
B. J. Lazan, Professor and Head, Department of Mechanics 
and Materials, University of Minneapolis, Minn. 

Fatigue Characteristics of Large Sections—By O. J. Horger, 
Chief Engineer, Railway Division, Timken Roller Bearing Co., 
Canton, Ohio. 1954. 


118 pages 6x9 .. illustrated red cloth $3.00 


CREEP AND RECOVERY 


This book contains the papers presented at the Annual ASM 
Seminar in Cleveland in 1956. As with previous ASM Seminars 
this book is of an exceptionally high character. 


Maddin 


Dr. R. was coordinator of the 


sessions. 


two-day Seminar 


The Concept of Creep—Defects and Recovery 
dynamics and Kinetics of Recovery—Polygonization—Recovery 
of Electrical Resistivity—-Recovery of Mechanical Properties- 
Recovery of Internal Friction and Elastic Constants—Theory 
of Creep—The Role of the Boundary in Creep Phenomena— 
The Effect of Alloying Elements on Creep—The Spectrum of 
Activation Energies for Creep—Creep and Fracture—Creep of 
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BRISTOL “Armorox” thermocouple, here about to be installed in 
tunnel kiln truck, is more flexible and smaller, but more rugged, 
than conventional thermocouples. 


The Bristol ““Armorox’’ thermocouple now makes difficult 
temperature measurements easy. 

Good for temperatures up to 2000°F. and at pressures to 
50,000 psi, the “‘Armorox”’ thermocouple is metal -sheathed, 
ceramic- insulated and flexible—easily bent around twice its 
own diameter to get into out-of-the-way places. What’s 
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Sheathing available in stainless steel and Inconel*— other 
metals available for special applications. Diameters from 
1/16 to 1/4 inch. Lengths up to 30 ft. Thermocouples avail- 
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pyrometry. The Bristol Company, 155 Bristol Road, Water- 
bury 20, Conn. 8.15 


*T.M. Reg. by International Nickel Co. 
+T.M. Reg. by Hoskins Manufacturing Co. 
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3 Tecumseh hermetic compressors in a two system cascade. Other 
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cooled condensers — no liquid coolant required. Write Today for Full 
Specifications and Prices. 
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REVCO, Inc. 
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You can do it better with metals... for less, if you 
are up-to-the-minute on your metals know-how and 
know-why. Competition calls for the most efficient 
use of metals, equipment, processes... for correct 
design applications. 

You can meet this challenge by attending the 
Cleveland Metal Show and Congress. You will see 
hundreds of operating production-saving displays. 
Metals, fabrication techniques, processing methods, 
testing and inspection — all these and more will be 


in this gre 


assembled in the vast Public Hall for your con- 
venient inspection. 


You will want to hear the scores of technical 
and practical sessions that @ and the cooperating 
groups will present, featuring experts on new achieve- 
ments in metals. In short, this is your event of the 
year in metals... you will use the ideas you pick up 
at the Metal Show all year long to save time and 
money for you and your firm. 


at “Metals Will 


ss” Metal Show are avail- 
details. 


excellent space 
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NATIONAL METAL CONGRESS and EXPOSITION 


Owned and Operated by the AMERICAN 
7301 Euclid Avenue 


Cooperating Activities: Institute of Metals Division 

.. Iron and Steel Division... Extractive Metallurgy 
Division of the American Institute of Mining, Metal- 
lurgical and Petroleum Engineers... Society for 
Nondestructive Testing, Inc. Associations present- 
ing technical sessions in cooperation with @: Indus- 
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trial Heating Equipment Association; Metal Pow- 
der Industries Federation; Metal Treating Institute; 
Special Libraries Association, Metals Division; and 
the extensive programs of the American Society for 
Metals with the new Bill Woodside Memorial Ses- 
sions, and @ Metallurgical Seminar. 


PUBLIC HALL 
October 27-31 
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ONE SUCCESS! 


IN THE HEAT TREATMENT OF STEEL 


Are you up for promotion? Are you next in line? You can get 
attention ... if you team up with MEI to learn more about your 
work. Knowledge and promotion go hand-in-hand. In a heat 
treating department, the man who knows most about the heat 
treatment of steel will be the man who holds the better job. . . 
more pay, more security, more respect and prestige, and better 
working conditions. 

Yes, just one step can lead you to a better understanding of 
the heat treatment of steel . . . that step, so vital to your future, 
is the step toward greater knowledge. 

This is where the Metals Engineering Institute can help you. 
With Course 10, Heat Treatment of Steel, you can obtain a solid 
—— of authoritative knowledge to put you one jump 
ahead. You can learn from experts and enjoy rapid advancement. 


It's easy! You learn in your own home, at your own pace, and 
with the personal guidance of an interested MEI instructor. 

Course 10, fifteen home study lessons, gives you the training 
you need to learn how to turn out steel having the desired 
properties . . . how to avoid cracks, distortion, and other defects. 

To you, this knowledge can mean a lot . . . you can be one of 
the men who continues to work when others are let go. 

Just a few hours a week, devoted to home study—Course 10 
—can speed you toward success. Your spare time can bring you 
knowledge that otherwise would take years to accumulate by 
experience. 

Send for your first few lessons today! In time to come, this 
determined step to greater knowledge can reward you over and 
over again. 


Guarantee to All 


The Metals Engineering Institute guarantees to all the guidance and instruc- 
tion of the MEI Staff for one full year in which time you should successfully 
complete the course and obtain the MEI Certificate. This is your assurance 
that, by meeting the established requirements, you can be an MEI graduate. 


e FOR INDIVIDUAL HOME STUDY OR IN-PLANT GROUPS 


COURSE 10: HEAT TREATMENT OF STEEL 


Metals Engineering Institute 


—A Division of the American Society for Metals— 


7301 Euclid Avenue 


Cleveland 3, Ohio 
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George F. Melloy, author of Course 10—Heat 
Treatment of Steel—has been with the Beth- 
lehem Steel Company for fifteen years. At 
present he is a Research Engineer. Through- 
out his affiliation with Bethlehem, Mr. Melloy 
has been engaged in various capacities in the 
Specifications and Experimental Departments. 
He spent twelve years establishing heat treat- 
ment procedures for new steels. He is a 
graduate of Lehigh University with a degree 
in Metallurgical Engineering and has been 


TO MEN OF METALS: 


Course 10, Heat Treatment of Steel, 
is another fine example of the authori- 
tative, up-to-the-minute home study 
courses now being offered by the Metals 
Engineering Institute. The important 
material it contains, according to letters 
received from MEI students, does an out- 
standing job in preparing ambitious 
men for successful careers in heat treat- 
ing. And for good reason. 

The Metals Engineering Institute is 
a division of the American Society for 

Secretary Metals. This is of vital importance to 

—— Sw you personally. It means that you, as a 

student of MEI, receive all the benefits 

of ASM’s forty years’ experience in educational success in the 
metal industry. 

Throughout these years, ASM Chapters all over the country 
engaged in training sessions and class instruction that brought 
metals engineering knowledge to men of metals engaged in all 
kinds of metalworking occupations. It was ASM’s responsibility 
to do so . . . because ASM is an educational society. 

The courses offered by the Metals Engineering Institute are 
another step in the work ASM Chapters have been doing for 


W. H. EISENMAN 


LEARN FROM AN EXPERT 


PREPARE FOR A BETTER JOB 
AND MORE PAY IN THE HEAT TREATMENT OF STEEL 


an instructor at the Bethlehem Center of the 
Mineral Industries Extension Services, Penn- 
sylvania State University. 


Hence, Mr. Melloy’s work on this out- 
standing course is backed by long years of 
experience in the field. He has taken the 
guesswork and uncertainty out of heat treat- 
ing so that you may go at your work with 
greater self-confidence and, in doing so, take 
a tighter grip on success. 


GEORGE F. MELLOY 


four decades—but much extended in scope and material. MFI 


places ASM’s educational program on a much higher, more 
encompassing level. Now it is possible for any man or woman 
in the metal industry who wants more knowledce on metalwork- 
ing subjects to use thoroughly prepared, authoritative and up-to- 
date courses. 

MEI is well founded. Its policies are governed by the MEI 
Board of Governors, made up of ASM officers and trustees. The 
MEI National Advisory Council, made up of past-presidents of 
ASM, advises in the selection of course subjects and authors and 
provides objective viewpoints for the objectives of MFI. 

Every man who helped create MEI, and every man who helps 
direct MEI today, is devoted to the advancement of metals 
through education. One of these men is Dr. Anton de S. Brasunas, 
Director of MEI. He, as in all other cases, was chosen after 
careful consideration of all qualifications. MEI is backed by 
metals authorities—by experts. 

I am confident that these home and in-plant study courses will 
provide the helpful, authoritative guidance to supply the skilled 
technical manpower required today—and in the years ahead. 


LOM 


W. H. EISENMAN, Secretary 
American Society for Metals 


1 COURSES 


Elements of Metallurgy 
Heat Treatment of Steel 
High Temperature Metals 


Metals for Nuclear Power 


Steel Foundry Practice 


AVAILABLE NOW FOR HOME STUDY AND IN-PLANT TRAINING 


Gray Iron Foundry Practice 


Titanium 

Stainless Steels 

Oxy-Acetylene 
Welding 


Electroplating and Metal Finishing 

Survey of Steel Plant Processes 

Primary and Secondary Recovery 
of Lead and Zinc. 


the 
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1 am interested in Course 


CHECK AND MAIL TODAY ...NO OBLIGATION 


THESE COURSES 

ARE AVAILABLE NOW 
©) Elements of Metallurgy 
Heat Treatment of Steel 
5 High Temperature Metals 
Titanium 


© Survey of Steel Plant 
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this coupon 
10, Heat Treatment of Steel. 
4 send me additional | Name Title .. 
information at once. 
Street and No 
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Electromet . .. Making metals do more all the time! 


Window on metals of the future! 


| electron microscopes equipped with special cameras reveal 

many of the inner secrets of alloys and metals to ELECTROMET scientists. 

Other modern electronic and spectrographic equipment helps 

ELECTROMET scientists develop the metals of the future... find practical 

ways to produce them... discover novel and economical uses for them. 

At the same time, ELECTROMET scientists are finding new 

ways to combat corrosion ... new methods of fabricating metals 

... practical solutions to customers’ problems in using ferro-alloys. 

Want to know more about the metals of the future and the promise Flectromet 
hey hold for American industry? ELECTROMET can help. 

they hold fo erica ( vy? ELECTROMET can help FERRO-ALLOYS AND ass 
ELECTRO METALLURGICAL COMPANY, Division of Union Carbide 

Corporation, 30 East 42nd Street, New York 17, N. Y. 


EFlectromet™ and “Union Carbide” are reristered trade-marks of Union Carbid 
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Large capacity EF gas fired furnace bright 
annealing stainless strip. We build them 
electrically heated or gas fired for wide or 
narrow strip, for single or multiple strands. 


Part of an installation of large EF gas fired 
three-stack rectangular bell type forced 
circulation special atmosphere furnaces for 
annealing steel strip. 


TYPE YOU WANT 


in the size you need- 


no job is too large or too unusual 


We have the engineers, the experience, the research and 
experimental departments and the complete manufacturing 
and erection facilities to build any size or type of furnace 
required to handle any heat treating process. 
Submit your production furnace problems 
to experienced engineers—it pays 
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